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corrected in the edited text, doubtful readings, description of the Ms at each stage-- 
for example, noting missing texts in the various Mss, marginalia, etc. --erroneous 
numbers that were definitely scribal errors-- these were recomputed and the correct 
number was used in the text with a note in the critical apparatus. In short, the critical 
apparatus allows the reader at all stages to reconstruct, if he so choses, the original 
Mss that are here edited, as closely as it is humanly possible. 


Since the notes themselves refer to the word in the line, rather than a 
cumbersome number in an unsightly superscript, at few occasions the same word 
would be used more than once in the same line. Only in the notes a superscript was 
attached to that word, marking its order in that line. For exmple, if the word intended 
by the note is kdna, and kdna occurs more than once, say three times, in a specific 
line, then a note designated with a superscript 2, as in kana in the notes refers to the 
second time that word appeared in that line. This way, the body of the text has no 
superscripts, and the line number is used to refer to the notes. 


Symbols Used in the Edition 
The following is a list of symbols used in this edition; 


B for ba': Bodlean Ms, Marsh 621. 

M for mim: Meshhed Ms, “Abd al-Hamid Mawlavi Library No. 398. 

O for gaf: Konya Ms, Yusuf Agha Library, Ms No. 6829. 

mb for mim ba': British Museum copies of the Almagest, followed by Add. 7474, 
for Hajjajcopy Books I-VI, and Add. 7475, for Ishiq-Thibit copy, Books VII-XIII. 


ba for ba' alif: Paris copy of the Almagest, Bibliotheque National, Arabe 2482, 
Ishiq-Thabit version, Books I-VI. 


[...): A word or a phrase added to the text as required by the context. 
1: A new folio beginning in Ms. B. 
1; A new folio beginning in Ms M. 
T: A new folio beginning in Ms Q. 


Kanaf: Kina occurs at least twice in the same line, the second occurence is the 
one intended by the note. 


All folio designations are referred to with the Arabic abbreviations waw for wajh 
(face) and za” for zahr (back), and although the Latin designation r= recto, and v= 
verso does not quite translate this convention, the equations w = r, and Z =v Was 
systematically used nevertheless throughout the introduction and will be used in the 
forthcoming translation and commentary. 
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conventions without feeling that he had to be systematic about it either. As a result, 
noting the orthography of each hamza in each Ms was thought to be of no value 
whatsoever, linguistic or otherwise, and the edited text was modernized orthographi- 
cally to reflect the conventions mostly followed for the hamza chair by a modern 
Arabic reader. 


Another peculiarity of medieval orthography was the short spelling of some 
numbers like thalath and thamdnin, both spelled without long vowels and could be 
easily confused with thulth and thumn. The actual text, however, Was never 
ambiguous as to which word was intended by the orthography. To harmonize the text 
more with the modern spelling of these numbers, it was thought that the edited text 
should include the long vowels wherever appropriate without reference in the critical 
apparatus. 


The editorial policy concerning the frequent grammatical mistakes, like the 
improper case endings of the predicate of Kina and anna, was to correct these in the 
edited text, and to note the erroneous usage in the critical apparatus. But, as most 
readers of Arabic would agree, the correct grammatical form is not always as simple 
as determining the predicate of kĉna, and classical grammarians themselves have 
disagreed about certain readings, and modern ones still do. Correcting a presumed 
mistake meant at times siding with one grammarian against another, and was thought 
to be improper intrusion into the domain of the original author of Kitab al-Hay'ah for 
we have no idea which grammarian he was following. To avoid any attempt to 
subjugate the text to one grammatical school against another, the policy was adopted 
to retain the text in its original reading if at ali it can be defended by any grammarian 
whatsoever. For example, the word awwaelah, quoted above, considered to be 
grammatically improper by many was retained when appropriate for both a 
grammarian like Tha“lab? and a lexicographer like Zamakhshari"” allowed its usage. 


Similarly, the frequent usage of «a certain quantity being so and so bimd biĥi gatr 
al-ard wahidan», could have been read as wahidun as well. “Urdi himself is not 
systematic in this usage and admits both forms. In the edited version wahidan was 
used, with the assumption that it is a predicate of an understood kĉna, and the 
variants were noted throughout. 


There will definitely remain some readings that a modern reader would have 
preferred to «correct» them stylistically, grammatically or otherwise, and I am sure 
there are some genuine mistakes that I myself did not catch. My only excuse is that I 
am only human, and hope that the reader will be kind and forgiving. 


The critical apparatus itself consists of variants among the three Mss, with the 
reading in Q being relegated to an appendix whenever its length was deemed tit for 
that --only six appendices were reproduced as a result-- grammatical mistakes that are 


(69) -Aĝoo „Lo lo imaga) gvo OO] oLJ «pla s~ e = adi mi 
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with fadl instead of ashadd or akthar as in mĉ wuthiga bihi fadl thigah (fol. 156r), (to 
be well trusted) instead of askadd or akthar thigah. At several points “Urdi uses halah 
or hal to mean athnd' (fol. 141v) (during) as in wad'uhu halat al-ijtima“ (its position 
during conjunction). 


All such uses had become part of scientific Arabic by “Urdi's time and were not 
thought of as the best style, but yet they were not considered erroneous. They only 
reveal the parentage of this language and the continuity of the tradition and the 
translated texts. 


Of the more peculiar usages, we note the lack of consideration for the distinction 
often made by Arabic grammarians between the “24il (human) and the ghayr al-“agi! 
(non-human). “Urdi uses, for example, broken plural ukhar, instead of the feminine 
singular ukhrĝ, to modify non-human nouns, and uwal, instead of ŭld, for the same 
purpose. He says agsim ukhar, (fol. 117r) and harakdt uwal. (fol. 101r). In this 
regard, “Urdi uses awwalah as well for the feminine singular instead of Zl, and says, 
for example, fa-I-nastafmil mistarah atwal min al-awwalah in Q (fol. 186r) and 
changes it to al-awwal in B, (fol. 176r) M. (fol. 14r) In this case the edited version is 
corrected to read al-ŭld, with the variants noted in the critical apparatus. But the use: 
of al-sŭirat al-awwalah in the B (fol. 306y) M (fol. 130r) version that “Urdi himself' 
had edited reveals that “Urdi was either convinced that the form is permissible, or that 
he was still unsure about it, hence did not attempt to correct it as he did before. In the 
dual form, he uses the word al-awwalatinlayn quite freely, as in al-sŭratayn 
al-awwalatayn (fol. 158r) with the dots clearly indicating this reading in Q. (fol. 59v) 


Like any other medieval Arabic text, the more frequent use of the masculine 
form of the verb, even when the feminine subject is immediately following, is the 
norm. The frequency, however, is so high, and the actual dotting is so infrequent and 
unsystematic, that it was thought that liberties could be taken to attempt a more 
modernizing approach by explicitly spelling out the subject verb agreement without 
reference to the actual state of the manuscript. The inlcusion of such variants, with 
the inevitable breaking off of the dots under the yĉ', for example, or over the td', 
would have made the critical apparatus a formidable nightmare. Instead, the 
modernized reading was adopted without reference to the actual manuscript spelling. 
In the same way, words that were erroneously dotted, but clear in their meaning, 
were corrected without reference in the notes due to their high frequency. 


As for the orthography of the Mss, it too follows the medieval tradition in being 
sparcely-dotted, although the reading is only rarely doubtful. And to refer to every 
missing dot in the word in the three Mss was thought to be counterproductive, and no 
systematic attempt was made in identifying such missing dots, except where more 
than one reading would have been possible. Luckily, very few of such cases were met, 


and the text was found to be clearly determinable without having to refer to the 
missing dots. 


Similarly, the orthography of the hamza, which is not systematic even to our own 
days, was much more loose in medieval times. One finds in the same Ms all possible 
variations for its chair, and each scribe seems to have felt free to add his own 
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Arabic, for they were all writing in the same language. But to find in the work of an 
astronomer such as Copernicus, some three hundred years later, the same technique 
in the construction of the model for the upper planets, is to raise a set of questions 
that are, as of now, left without answers. There is no indication whatsoever that 
Copernicus read Arabic. We are fairly sure that “Urdi's work was neither translated to 
Greek nor to Latin, the two languages Copernicus could have read. In light of that, 
should one still speak of possible influence on Copernicus? The recent research 
conducted by Swerdlow and Neugebauer illustrates and documents the many 
similarities between the work of Copernicus, Ibn al-Shatir and Nasir al-Din al-Tŭsi. 
Now with the evidence of “Urdi, the argument that Copernicus arrived at his 
astronomy independently is made weaker still. And although we can not show, 
beyond any doubt, the route by which the results achieved by these early Muslim 
astronomers could have reached Copernicus, we still have to think of direct 
knowledge. Moreover, if we keep looking for traditional means of transmission, we 
will probably arrive one day at determining the exact route of transmission. But one 
should also think, at this point, of possible informal transmission of ideas, such as 
diagrams of the new models without texts or even short synopsis of earlier workst, 


The hint given, without comment, by Neugebauer when he published in the last 
plate in his monumental History of Ancient Mathematical Astronomy“S a diagram of a 
mathematical devise --invented by Tŭsi, and was used by Copernicus in the same way, 
now known as the Tŭsi couple-- as it appears on a Greek Ms carried from Byzantium 
to Italy after the fali of Constantinople, should be taken seriously and pursued to 
include other diagrams as well. For anyone who has tried to reconstruct the ptolemaic 
models, more than once, let alone trying to modify them or improve on them, would, 
I believe, recognize a non-ptolemaic model at a distance without necessarily having 
any text to explain that model. If Copernicus could have seen the Tisi couple, as it 
appeared on the Greek Ms, or “Urdi's model for the upper planets, it would not be 
unlikely to assume that Copernicus could then fill the details for the diagram without 
necessarily having to read the original Arabic text from which the diagram is drawn. 
Only future research into late Islamic astronomy and that of Copernicus, if it remains 
alive, could possibly evaluate the problem of influence much better than we can now 
do. At this level, it may be sufficient just to accumulate the facts. The accompanying 
edition of “Urdi”s work and the forthcoming translation and commentary are thought 
of to be one more step in that direction. 


Editorial Method 


The language of Kitib al-Hay'ah is the typical medieval Arabic, but with definite 
features reflecting the influence of the language of the early translators of the Greek 
texts. Examples of this influence are abundant. Quoting only a few, we note the use of 
fa-l-nunzil instead of fa-l-nafrid (let us assume), and adwa' instead of akthar daw'an 
(brighter) as in the Almagest translation of Ishiq-Thabit. “Urdi also uses constructs 


(67) N. Swerdlow and Otto Neugebauer, Mathematica! Astronomy in Copernicus's De 
Revolutionibus (New York: Springer Verlag, 1985). 
(68) Neugebauer, A History of Ancient Mathematical Astronomy. 
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simply because the motion of an eccentric sphere can be described by the motion of a 
concentric one and an epicycle; that was already known to Ptolemy, Almagest III,3. 
One can only assume that Ibn al-Shatir was driven by some purist reason t0 propose a 
set of planetary models that include no eccentrics. 


Because of his stricter requirements, Ibn al-Shatir mentions earlier astronomers 
only to criticize them. At one point he mentions “Urdi“”, but only to discuss his 
models summarily as inadequte because “Urdi,retained the eccentrics. Another 
time, he mentions “Urdi to attack him along with Jabir Ibn Aflah for holding the 
view that Venus was above the sun. The third time he mentions him, he attacks him 
together with all previous astronomers, including Ptolemy, for failing to devise 
models that answer both the longitude and the latitude theory. 


Under the influence of “Urdi and others, when Ibn al-Shatir computes the 
magnitude of the planets, he quotes the values of their apparent diameters with 
respect to that of the sun as given by Hipparchus and Ptolemy. But knowing the 

-difficulties raised by “Urdi concerning the distances of these planets at which these 
diameters were measured, Ibn al-Shŝtir strikes a compromise between Ptolemy and 
“Urdi, and computes the magintudes of the planets without assuming the same 
distance for all of them. In the case of Saturn, for example, he follows “Urdi and takes 
the distance at which its diameter was measured to have been the minimum distance. 
For Jupiter, he computes it once with Ptolemy at mean distance, and once at 
minimum distance with “Urdi. 


The telling point, however, is in the case of Mars, for “Urdi had used this specific 
case to reject the claim that the planetary distances were to be taken at mean value, 
arguing that then Mars would look larger than Venus, which is contrary to the 
observed facts. (fol.184v). Ibn al-Shŝtir must have accepted this argument for he 
repeats it"9, and then computes Mars for a distance in between that given by Ptolemy, 
the mean distance, and the one given by “Urdi, the minimum one. At this point, Ibn 
al-Shŝtir abandons his rigour and assigns to Mars an arbitrary distance of 8032 
terrestial radii, with no further explanation. 


To summarize, it seems that although Ibn al-Shŝtir was not satisfied with “Urdi's 
retention of the eccentrics in his models, he was disturbed enough by SUrdi's 
arguments against Ptolemy's theory of planetary distances to undertake a similar 
reconstruction of that theory, sometimes agrecing with Ptolemy at others with “Urdi, 
The point that should be made here is that irrespective of which part Ibn al-Shatir 
adopted and which he rejected, the fact remains that he was reacting to “Urdi's work 
at a very sophisticated level, thus proving the vitality the latter work enjoyed for 
almost a century after it was written. 


All the astronomers who reacted to “Urdi's work one way or the other, that were 
discussed above, can be assumed to have read “Urdi's work in its original language, 


(64) Ibid., p. 3. 
(65) Ibid., p. 4v. 
(66) Ibid., p. 44r. 


in “Urdi's model as the intersection between the line of centers and the line joining the 
center of the deferent to the center of the epicycle, for these two points in “Urdi's 


model are approximately the same (fol. 83v) [cf. Fig. c]. After that, he proposed his 
own model (ibid). 


Continuing with the Nihdyat, it became apparent that on almost all other 
important issues, Shir3zi's preferred opinion was that of “Urdi. We will point to these 
parallels in the detailed commentary where we will investigate each chapter on its 
own, and we will then connect it with the relevant material from the Nihayar. At this 
point, it should be stressed that in some chapters, as in the determination of the dusk 
and dawn“", and the height of the atmosphere (literally the sphere of vapour)““, even 
the diagrams of the Nihĉyat are the same as those of Kitdb al-Hay'ah and were 
sometimes used to fill the gaps in the latter. On the whole Shirazi's Nihayat is so 
heavily dependent on “Urdi's Kirab al-Hay'ah either for preferred opinion, or for 
disagreement, or for emendation, or for being used as a base text to be summarized or 
edited, that this author finds it quite difficult to see how Shirazi's text could have been 
read and understood without “Urdi's Kitab al-Hay'ah. ln that regard, the edition of 
Kitab al-Hay'ah, if it has no other value on its own, it will at least prove to be an 
indispensable tool to anyone wishing to undertake the formidable task of editing, 
translating and commenting on Shirazi's Nihdyat. 


Like “Urdi, Ibn al-Shatir, who also wrote his own criticism of Ptolemy, also felt 
that «if one allowed that (i.e. the contradictions in Ptolemy's astronomy), then there 
would be no need to assume several spheres (wad“al-aflik), but we would then say 
that each planet has one sphere that moves it at a variable speed, thus moving it in 


retrograde, stopping it, reversing its motion, speeding it up or sIOwing it down. But 
that is impossible (muhal)»9. 


This terminology is reminiscent of “Urdi's style who at one occasion says: «If one 
were to accept such contradictions (muhal) in this discipline, it would then be all 
in vain, and one would then say that it is sufficient for each planet to have only one 
concentric sphere.» Similarly, «if we were to accept the existence of one sphere that 
could move on its own center, sometimes slowing down and at other times speeding 
up, then there would be no need for all the efforts expended in regard to astronomy.» 
(fol. 131r). 


But unlike “Urdi, Ibn al-Shŝtir went a step further than all his predecessors who 
criticized Ptolemy, and took it upon himself to reformulate ptolemaic astronomy 
under the strictest conditions, namely, that all planetary motion must be represented 
as the result of a combination of uniform motions around the earth itself, thus 
elevating the need for eccentric spheres. All of Ibn al-Shŝtir's models assume the 
center of the universe to be the earth, and all the spheres involved in the construction 
of planetary models are to be connected in vector-like movements in such a way that 
the resultant vector produces the observed motion. This result could be achieved 


(61) Kitib al-Hay'ak., chap. 58, fol. 191r-195r. 
(62) Ibid. . = 
(63) Ibn al-Shatir, Nihĉyat al-Sal fi Tashih al-Usal (Marsh 139, fol. 3r). 
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Similarly, Bar Hebraeus objects to the equant in the model of the upper planets 
and calls it a «chose €trangĉre» as well. But because he did not intend to do anything 
further with it, like propose an alternative model, he kept his objection brief, but too 
brief to tell for certainty whether he was quoting an earlier source or simply 
paraphrasing another work. Be that as it may, we feel sufficiently convinced that 
“Urdi's Kitib al-Hay'ah was at least one of the sources for Bar Hebraeus to be 
imitated, as in the objection to the prosneusis point above, or to seek inspiration from 
it, although it remained on the whole too sophisticated to be either matched or 
surpassed. 


The second astronomer who must have read “Urdi's work much more closely, 
and adopted its main arguments, was Qutb al-Din al-ShirAzi. In a separate work, I 
have shown that the model of the upper planets that was attributed to Qutb al-Din 
al-ShirAzi on the basis of the latter's description of the model in his treatise, Nihayar 
al-idrak fi dirĉyat al-aflĉk hereafter called Nihiyat], was indeed due in toto to Kitab 
al-Hay'ah of “Urdi“". In that article I have edited the appropriate portion of Kit4b 
al-Hay'ah, translated it into English, thus showing beyond doubt that Qutb al-Din's 
model is nothing other than the one devised by “Urdi around half a century earlier. In 
another article I have also shown that Shirazi's derivation of the height of the 
atmosphere is also due to Kitib al-Hay'ah of “Urdi. 


A closer reading of Shirazi's Nihayar, especially of the introduction and the 
conclusion, revealed that Shirizi was actually writing an anthology of astronomical 
theories, with some additions of his own, and a great editorial skill. His oblique 
references to other astronomers, rarely mentioned by name and to other works, 
rarely quoted with full identification, leaves one with the impression that Shirazi 
himself was responsible for the several alternatives that he suggests in the Nihayat. 
The fact of the matter is that, after a thorough reading of Shirŝzi's work, one finds 
that most of the new alternatives that he mentions are not due to him at all but are 
mainly lifted from SUrdi's Kitab al-Hay'ah or from Tasi's Tadhkirah. By comparing 
SUrdi's model for the moon with Shirazi's model in the Nihdyat"", we found the two to 
be identical again, with Shirazi, this time, summarizing “Urdi's long-winded text, but 
preceeding the material with the phrase: «gala ba“d afadil al-muta'akhkhrin min ahl 
al-sind'at hihuna» (One of our distinguished contemporaries of the people of the art 
in this place said) (fol. 61v), hence leaving no doubt that the text that followed was 
not due to him. 


Similarly, in Shirazi's discussion of the new models for Mercury (fol. TIv-84v), 
one of the alternatives that he quotes at great length (fol. 82r-83v) is that of SUrdi, but 
here too he introduces the material by calling it «as! al-hdfizah wa-I-mudir» (Method 
of the Maintainer (hafizah) and the Director) as being due to someone who is «min 
afidil akl hddha al-“ilm» (one of the most distinguished people of this science) and not 
Shirŝzi himself. In fact Shirazi objects to the approximation adopted in “Urdi's 
Mercury model between the equant as in Ptolemy's model, and the new point defined 


(59) Saliba. «The Original Source of Qutb al-Din al-Shirizi's Planetary Model. 
(60) Koprulu Ms 957. fol. 61v-6dr. 


Such an assessment only reflects the limited knowledge of Islamic astronomy 
during the whole nineteenth century, and to a great extent is still true for our own 
times. Ignorance of a subject in itself is not very serious if it does not become 
detrimental to the work that one is engaged in, as in the case of Nau. Because he was 
not looking for anything new, nor was he expecting any, Nau did indeed miss the full 
significance of two chapters in the treatise of Bar Hebraeus that could have been very 
well understood if they were seen in the context ofa criticism of Ptolemy's astronomy. 


To start with, Bar Hebraeus was only writing an elementary treatise on 
astronomy, and his main purpose was not like that of “Urdi, i.e. to attempt a full 
program of reform of ptolemaic astronomy. On that account, Nau is partially justified 
for not expecting anything new. But even in an elementary treatise, Bar Hebraeus felt 
that he knew enough of Ptolemy's astronomy to know that it included some major 
inconsistencies. In the first instance, when he finished explaining the ptolemaic model 
for the moon, Bar Hebraeus added a chapter that he titled: «Des choses, ĉtrangĉres 3 
la nature des intersphĉres, qui apparaissent dans l'epicycle de la lune»“?, These 
strange things are nothing but the two objections raised earlier against Ptolemy's 
model, and could date as early as the time of Ibn al-Haytham if not earlier. The 
wording of these strange things, however, especially in the case of the prosneusis 
point, is closer to “Urdi's wording than to any other Muslim astronomer from whom 
they could have been taken, including Ibn al-Haytham. To quote in full, and in Nau's 
translation, Bar Hebraeus says concerning the prosneusis point: «La seconde chose 
consiste en ce que le khougto droit auquel commence le mouvement moyen du 
mouvement propre, devrait ĉtre en face du centre de l'excentrique dĉrĉrent. Or, il ne 
se trouve pas en face de ce centre ni en face du centre de l'univers autour duquel il 
dĉcrit des angles €gaux dans des temps €gaux, mais il se trouve constamment en face 
d'un autre point que nous avons appelĉ mpo6vev6 [»", “Urdi too summarized his 
objections to Ptolemy's lunar model in two main contradictions (amrdn mustahilin), 
the second of which was quoted above and we quote here again for comparison: «The 
epicyclic diameter-- the line passing through the epicyclic center and the farthest 
point, called mean or regular apogee, that is used as the starting point for the motion of 
the moon on its epicycle-- as soon as this diameter departs from the line of centers, i.e. 
the center of the universe, the deferent and the epicycle, it is then neither directed 
towards the center of the universe around which the epicycle moves uniformly, nor 
towards the center of the deferent, but towards a point, called the point of prosneusis, 
located on the line connecting the perigee of the eccentric and the center of the 
universe.» (fol.124r). The italicized phrases in this objection reveal the closeness in 
style and wording between the works of “Urdi and Bar Hebraeus. For the reader who 
can compare the original Syriac with the Arabic text, the similarities in wording and in 
sentence structure are even more striking. It is sufficient here to say that such a 
construction is not to be found in the works of Ibn al-Haytham, Ibn Aflah, or Nasir 
al-Din al-Tŭsi. We must then conclude that, at least as far as the objection to the 
Ptolemaic lunar model is concerned, Bar Hebraeus is indebted to “Urdi for its 
formulation. 


(57) Ibid., p. 32. 
(58) Ibid. 


proof that had necessitated the taking of the aforementioned positions. His excuse 
(i.e. Ptolemy's) is evident, for every science and art are rarely found complete without 
any defects from the very beginning, and their originator having brought them to a 
perfect state where no further corrections or additions are any longer needed. The 
case is especially true in regard to this noble and obscure craft (i.e. astronomy). lts 
nobility is due to the fact that (this craft) is the perfection of the theoretical part of the 
mathematical sciences. As for its obscurity it is obvious to all. But the knowledge that 
has no defects, it is that of God only, may He be exalted.» (fol. 100r). 


If Ptolemy, the originator and creator of the discipline, is to be excused for not 
attaining perfection, what excuse could one give to the later astronomers for not 
correcting him? None. For as “Urdi puts it: «They all followed him in that regard, 
imitating him like common folk, copying his statements, both the true and the false 
ones, without any close examination or deep understanding.» (fol. 156r). Nay, «they 
all followed his footsteps, adding nothing to his works and subtracting nothing from 
them. Only some of them like Abu “Ali Ibn al-Haytham and Ibn Aflah al-Maghribi, 
have raised some doubts, and thus added nothing of their own except doubt. But let 
no sane man raise doubts in regard to a person so well known for his virtue, nor reject 
his statements unless if he had a. clear evidence and an indisputable proof.» 
(fol. 156). With such exhaurtations “Urdi chastizes the later astronomers. 


Influence of “Urdi”s Work on Later Astronomers 


We have hinted above at the discussion generated by “Urdi's interpretation of 
Ptolemy's statement in the Planetary Hypothesis, and that it was still lively more than 
a century later to be quoted by Ibn al-Shatir of Damascus. We have also suspended 
judgement about the relationship between “Urdi's work and that of Tusi, being 
satisfied with the general conclusion that the two astronomers seem to have worked 
independently without influencing each other's work. But between Tisi, the older 
contemporary of “Urdi and Ibn al-Shŝitir more than a century later, there are at least 
two astronomers that we know of who must have read “Urdi's work and were, to 
varying degrees, influenced by it. 


The first of these astronomers is the famous Syrian Maphrian Bar Hebraeus 
(d. 1286), who has left us a Syriac astronomical treatise, sulliqd d“hawnd, that was 
translated by Francois Nau, at the end of the last century, as L'Ascension de Pesprit"9, 
But being under the influence of nineteenth century research which was not 
necessarily looking for any critique of Ptolemy, Nau did not, in turn, notice anything 
peculiar in the work of Bar Hebraeus. He even went as far as saying: «au XII“ 
(meaning XIII") siĉcie, a l'€poque ou ĉcrivait Bar Hebraus, les Arabes s'occupaient 
d'astronomie depuis pres de quatre siĉcles et notre auteur cite un certain nombre de 
leurs rĉsultats; mais ces resultats semblent peu importants; les auteurs arabes que 
nous connaissons furent surtout des commentateurs et des astrologues amateurs, on 
ne les a admir€s que faute de connaitre les guvres grecques, leurs modeles»99, 


(55) F. Nau, Livre de lascension de Pesprit (Paris: [s.n.], 1899). 
(56) Ibid., «Conclusion,» p. xiv. 
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= x 103;32,30 = 694" (fol. 183v),to be the greatest distance of Venus which 


is considerably larger than 605", the mean distance of the sun. “Urdi then concluded: 
«It is impossible that the sphere of Venus be below the sphere of the sun. And we 
have also computed it with the parameters (usŭl) of the Planetary Hypothesis and still 
found it to be impossible.» (fol.183v). As a result “Urdi recomputed all the planetary 
distances and volumes from the beginning and ended up with the following, 
arrangement for the planets: Moon, Mercury, Sun, Venus, Mars, Jupiter, and Saturn. 


In this process of correcting the ptolemaic computations “Urdi reads ptolemy's 
statement about Hipparchus's observation of the relative diameters of the planets to 
mean that these values were true for mean distances, otherwise Mars would look 
greater than Venus, which it does not. And after a close investigation of the visibility 
of the upper planets, he says: «We conclude that the diameters of the wandering 
planets were taken at their maximum visibility, when they are at their minimum 
distances, and for Venus as it was close to it.» In the actual computation of the 
planetary sizes, he reaffirms this reading of the Planetary Hypothesis": «And we 
compute the diameters of the planets, on the assumption that the given ratios are for 
the minimum distances, with the exception of Mercury on account of the difficulty 
concerning its (visibility at minimum distance)» (fol. 184v). As was already noted by 
Swerdlow, this interpretation of the statement of the Planetary Hypothesis must have 
generated a lively discussion among the later astronomers as one could see it reflected 
in the works of Ibn al-Shŝtir some one hundred years later”. 


e- Evaluation of Ptolemy”s work 


Knowing, the influence of Ptolemy on Islamic astornomy, and the respect that 
Ptolemy inspired in the minds of medieval astronomers, “Urdi felt under obligation to 
give some sort of an explanation as to the reasons for Ptolemy's failure to produce a 
consistent astronomical theory. The only explanation he could come up with is a 
natural explanation of the history of astronomy. His contention is that scientific 
disciplines, astronomy included, are in a continuous state of change, and at no stage 
could one claim that they have reached perfection. This is especially true in the case of 
astronomy, for Ptolemy was the first astronomer to attempt a comprehensive solution 
for all the known phenomena. And as a creator of a new discipline, he committed the 
mistakes that he did, simply because perfect creation is in the domain of the Divine 
only. But in addition to that SUrdi understood Ptolemy's attempt at saving the 
phenomena in its proper perspective. He says: «He (i.e. Ptolemy) contradicted the 
principles intentionally (“amdan), for he could not contradict the observations and the 
demonstrations (literally proofs) that issue from them, both being considered by him 
as superior (aqwa) to the principles; the reason being that principles are based on 
what is appropriate and befitting (al-ashbah wa-I-awlĉ), while observations are based 
on actual sightings (al-“iyan) and the sightings are! used in the proof. And it is the 


(53) Goldstein, «The Arabic Version of Ptolemy's Planetary Hypothesis,» p. 32, line 6 £. 
(54) Swerdlow, «Ptolemy's Theory of the Distances and Sizes of the Planets: A Study of the 
Scientific Foundation of Medieval Cosmology,» p. 197. 
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Ptolemy's order of the planets, he says: «Since he (Ptolemy) could not determine (the 
distances) with certainty, nor did he find any of them (i.e. Venus and Mercury) 
between the observer and the sun, and being a man who preferred the truth and 
adored it, he was perplexed about their position vis a vis the sun. But when he finally 
made up his mind, he said that the sun was above them, and that it was below the 
superior planets. What we have found, however, is that the sphere of Venus is above 
that of the sun, as we will see, if God wills it, in (the discussion) of the planetary 
distances and sizes». (fol. 129r) 


This section of “Urdi's work has been studied at two different occasions: First by 
N. Swerdlow»“”in an unpublished dissertation, and then by B. Goldstein and N. 
Swerdlow“" in an article devoted to “Urdi's discussion of planetary distances, The 
same subject will be taken up again in detail in the commentary accompanying the 
English translation. 


The gist of “Urdi's objection to Ptolemy's method of computing the planetary 
distances and sizes is that Ptolemy treated the planetary distances in an approximative 
fashion, thus «at times completing the fractional parts, while at other times 
disregarding them, He also said that he did that intentionally, and offered his excuse 
for it. But no such excuse could be acceptable. For if these fractions were not to be 
multiplied, together with their accompanying integers, by the planetary distances, and 
then divided by other numbers that have their own fractions, then approximating 
them would not have been so dangerous. But specifically for that reason, the mistakes 
could then be magnified when the fractions are completed or disregarded.» 
(fol. 182v). “Urdi objects as well to Ptolemy's method which disregards the sizes of 
the planets themselves in the computation of their distances. (fol. 182r) Moreover, he 
also charges Ptolemy with neglecting to consider the thickness of the epicycles and the 
parecliptics that are found in the model of each planet. (ibid.). As a result “Urdi felt 
that he could not depend on the approximative values of the Planetary Hypothesis, 
and that he would have to recompute the planetary distances from the values given in 
the Almagest. (fol. 183v) 


The crucial point is that by doing so he calculated correctly the ratio of the 
maximum distance of Venus from the Almagest to its minimum distance from the 


104;25 1253 2 
= 1) i ; (5, 
335 9 which he writes (fol. 183v) as go in full 


integers. But he has also computed the farthest distance of Mercury, itself equal to 
the least distance of Venus, to be 103;32,30“. Using this ratio, he found 


same source to be 
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way that the two main problems in the ptolemaic model are solved. These problems 
were, as in the case of the lunar model: 1) A deferent that moves uniformly around an 
axis that does not pass through its center, and 2) an equant point which is neither the 
deferent's center nor the center around which the deferent describes equal motion. 


In Ptolemy's model [Fig. c], the deferent is moved uniformiy by the director 
around center B in a clockwise direction to bring the apogee to point T. The deferent 
itself moves counterclockwise around its own center G, to carry the epicycle center to 
point C, but seems to be moving uniformly at equal opposite velocity around point E, 
the equant. It is necessary therefore, that the deferent describe an irregular motion 
around its own center G, a clear violation of the uniform motion principle. 


In response to that, “Urdi states the following: «This total configuration resulted 
from several considerations. Among them are the observations, the proof that is 
based on the observations, the periodic movements, the model (hay'ah) that he (i.e. 
Ptolemy) conjectured (hadasa), and the directions of these movements. No one 
should be critical of the observations, the proof, or the periodic movements, for there 
has not come to light anything to contradict them. As for the method of conjecture, 
he (i.e. Ptolemy) should have no priority over anyone else, especially that his error 
had been made evident. And if anyone were to find another proposition (amr) that 
agrees with the principles, and matches the particular movements of the planet that 
are found by observation, then that person should be deemed as closer to the truth 
(awlĉ bi isabat al-haqa). And now that we have seen his erroneous opinion and sought 
to emend it (islah) as we did in the case of the other planets, we found that we could 
do so if we reversed the directions of the two movements mentioned above, that is, 
the movement of the director and that of the deferent. Let us assume then, that the 
director moves counterclockwise by as much as three times the mean motion of the 
sun, and that the deferent moves clockwise by twice the mean motion of the sun. 
Then the resulting motion of the epicyclic center is counterclockwise by as much as 
the mean motion of the sun, which is the same as in his (model)». (fol. 167v) 


Translated into the diagram [Fig. c] and superimposed, to scale, over Ptolemy's 
model, “Urdi's model describes the motion of Mercury by letting the director move 
uniformly, like Ptolemy's lunar deferent, counterclockwise around center B to carry 
the apogee to point S. Then the deferent should also move uniformly, but in the 
opposite direction, around its own center K to bring the epicyclic center back to 1. 
The resultant motion of the epicyclic center would then be parallel to that of Ptolemy 
and is very close to it, as in the diagram. Moreover, “Urdi's model will agree with the 
principles of uniform motion and will match the results of observation very closely, 
thereby «varying only slightly (from that of Ptolemy) by an amount that could escape 
the observer. Our method, on the other hand, is free from doubt and contradiction, 
and is therefore clearly superior to any other.» (fol. 169v) 


d- Planetary Distances 


To continue his assessment of Ptolemy's works, “Urdi was not satisfied with 
Ptolemy's statement, Almagest IX,1, that the order of the planets cam not be 
determined with certainty, and thus should be taken without proof. Speaking of 
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identical or technically equivalent to models already developed by earlier Muslim 
astronomers such as Nasir al-Din al-Tisi and Ibn al-Shatir, it may be safe to assume 
that there was a much closer connection between the research conducted by these 
Muslim astronomers --now including “Urdi-- and that of Copernicus than has hitherto 
been realized. 


c- The Mercury Model [cf. Fig. c] 


SUrdi devotes two different chapters to the discussion of Mercury's model, in 
addition to the various remarks that he makes about it in connection with the other 
planets. Chapter forty-four (fol. 162r-164r) contains a straight forward description of 
the spheres of Mercury with brief remarks about the motions of these spheres. And 
whenever it was appropriate, “Urdi corrects the ptolemaic description to fit the new 
observations. He, at one point, reminds the reader that «it is no longer necessary to 
add the conditions that were assumed by Ptolemy for these motions, for it was found 
that the solar apogee [assumed fixed by Ptolemy] indeed moves at the same rate as the 
apogee of the director (al-mudir) which is in Libra.» (fol. 163r) 


Chapter forty-eight (fol. 166v-169v) as its title islah Hay'at “Utarid (a Reform of 
Mercury's Model) implies, is devoted to a reconstruction of Mercury's model in such a 


MERCURY MODEL 


Fig.c 
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deferent. This center D was later to be called the equan, a term not used by Ptolemy 
in the Almagest. 


This equant center, “Urdi argues, is in violation of a basic principle of spherical 
motion. If the deferent is a real sphere, then it would be physically impossible for such 
a sphere to move uniformly around any axis that does not pass through its center T. 
Butif the deferent is not a real sphere, then there is no reason for it to move at all, nor 
could it have any mover, for then it would be imaginary. Similarly, the sphere of the 
equant could not exist. For if it were assumed to exist it will have to intersect the 
sphere of the deferent by Ptolemy's own admission. Such a phenomenon is 
impossible, for the spheres in the heavens are real bodies and do not intersect with 
one another. «Therefore, the equants are imaginary circles. And imaginary circles, 
like imaginary lines, do not move uniformly, nor otherwise.» (fol. 154v-155r) 


To rescue Ptolemy from this difficulty, “Urdi proposes a model of his own that 
was edited and translated by the present author in a separate publicationt9, Described 
briefly, it amounts to assuming the epicyclic center not to be carried by the Ptolemaic 
deferent EWM, for that is imaginary, but rather by a real epicyclet with center N, 
Which is itself carried on a real deferent that moves uniformiy around its own center 
K. As in Fig. b, the epicyclet is assumed to move uniformly in the same direction as 
the real deferent, at the same speed, thereby carrying the epicyclic center, now on 
point O, in such a way that line DO is always parallel to line KN. This arrangement 
does not only allow every shpere in the model to move uniformly around its own 
center, but allows O as well to coincide with Z along the apsidal line and to hug it very 
closely in the other positions --thereby duplicating Ptolemy's deferent within tolerable 
limits-- and to keep the resultant motion of O as if it is uniform around D sinceDO is 
always parallel to the uniformly moving radius KN. This, in turn, preserves the effect 
of the ptolemaic equant, for it is observationally imperative, without having to assume 
any imaginary circles or spheres. Since O in “Urdi's model does not coincide with its 
Ptolemaic counterpart Z at all times, one would have expected “Urdi to follow the 
same methodology as in the case of the moon and to compute the variation. He did 
not do so, for he seems to have convinced himself that the two points are so close 
together that the variation between them is negligible. 


Some three hundred years after “Urdi, Copernicus suggested in De Revolutioni- 
bus V, 4, his own model for the motion of the upper planets. If that were to be 
translated into the geocentric counterpart, from which Copernicus always started as in 
Swerdlow-Neugebauer, chapter 5, fig. 7, one could easily see that the Copernican 
model is in every respect identical to that of “Urdi. Both models bisect the ptolemaic 
eccentricity to define a new deferent with center K, and transfer the combined motion 
to the epicyclet with center N in “Urdi's model --C; in Copernicus's-- to keep the 
effect of the ptolemaic equant. 


At this stage it is impossible to determine with any certainty if Copernicus ever 
knew of “Urdi's model. But in light of the recent research of N. Swerdlow and O. 
Neugebauer where Copernicus is shown to have several other models that are either 


(48) Saliba, «The Original Source of Qutb al-Din al-Shirazi's Planetary Model». 
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The Copernican model for the upper planets superimposed over that of Ptolemy. Courtesy of 
Swerdlow $ Neugebauer. 


explained. Chapter forty --a very short chapter-- explains why none of the planets 
seems to be moving uniformly around the earth. But in chapter forty-one, titled 
simply «On the Knowledge of the Spheres of the Planets», “Urdi sums up the 
ptolemaic model for the upper planets by explaining why one needs the deferent and 
the epicycle hypothesis to explain the observed phenomena of retrograde and 
stationary behaviour of the planets, as well as the variations in their anomalies. 
Furthermore, according to Ptolemy, all of the motions of the upper planets can be 
explained by assuming the deferent EWM [in Fig. b] to be moving counterclockwise 
around its center T, thereby carrying the epicycle center Z counterclockwise as well. 
The epicycle itself --not represented on the diagram-- also moves counterclockwise, 
but uniformly around its own center Z, thereby carrying the planet around its own 
circumference. When evoking the principle of uniform motion, Ptolemy had to 
concede that the deferent, as he described it in this model, does not move uniformly 
around its own center T, which is itself eccentric, but that it moves in a uniform 
circular motion around a center D twice as far from the observer as the center of the 


56 


and the observations... But sincere researchers are never content with such things». 
(fol. 131r-131v). 


Kitab al-Hay'ah is literally studded with such remarks, and they wili all be 
expounded in the commentary that will be appended to the English translation. In this 
introduction, we can only say that “Urdi”s text seems to have been written with the full 
awareness that the whole enterprise of proposing a new astronomy is a matter of 
serious concern and should not be done simply to object to Ptolemy's astronomy, as 
others have done, or simpliy to save the phenomena at any cost, but rather to render 
such an astronomy consistent with its own principles. «The achievement of such a 
momentous result in a correct fashion is of the highest human intellectual degree and 
it is actually the perfection of the theoretical part of the mathematical (sciences).» 
(fol. 157r). In that regard, “Urdi was reading Ptolemy's Almagest IX, 2 only too well. 


b- Model for the Upper Planeis [cf. Fig. b). 


“Urdi's treatment of the upper planets begins in Chapter thirty-eight [fol. 149v- 
150v). And like his treatment of the moon, he starts by explaining the ptolemaic 
model. For the upper planets, Saturn, Jupiter and Mars-- the same model also 
explains the motion of Venus-- one has to assume the existence of only three spheres: 
two encompassing the earth, called the concentric parecliptic (al-kulli or al- 
mumaththil), and the eccentric deferent (al-hamil), and one excluding the earth called 
the epicycle. The motions of these spheres are discussed in chapter thirty-nine 
(fol. 150v-152v),where the ptolemaic parameters of mean motions are adhered to and 


MODEL OF UPPER PLANETS 
Fig.b 
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bring the center of the epicycle I to the same direction as C with respect to the 
observer O. “Urdi clearly sees the similarity of these mean positions to the solar 
model where the angles were measured from the observer's position although the 
actual motion was taking place on the eccentric. «Let no one say that these (angular) 
values are not on the same circle, for we are only talking of mean motion Which is 
along an arc of the ecliptic similar to the one described by the epicyclic center on the 
eccentric, as we have seen in the case of the motion of the sun on its own eccentric», 
(fol. 120v-127r) 


As for the reversal of the directions of the motion of the apogee and that of the 
deferent, “Urdi was quite aware that he was proposing this for the first time, «In this 
matter we contradicted all astronomers». (fol. 126v) But as he was sure that he was 
not contradicting the observed facts he felt free to reverse these motions for, as he 
says later when using the same technique in the Mercury model, «the directions of 
these motions were not necessitated by them (i.e. the observations) but were simply 
given by Ptolemy». (fol. 167r) 


Furthermore, “Urdi's model duplicates exactly the ptolemaic positions at the 
critical points, namely, at the syzygies and quadratures. But to be complete, SUrdi 
wanted to test his model against the same observations used by Ptolemy to test his 
own model, namely the two observations taken by Hipparchus and used in the 
Almagest V,5. After devoting the rest of this chapter to this test, SUrdi finds out that 
his model varies from that of Ptolemy, for the observer on earth, in the amount of the 
first equation, by some two and a half minutes. To that he says: «Such a variation may 
escape a skillful observer, even if he were using the best instruments». (fol. 129v) 


But still alarmed by the fact that ignorant critics Who may read his book may use 
this difference against him (daf'an li-tashn£ al-mugallidah al-nazirin fi kitibi) SUxdi 
combed the whole Almagest in search of an authoritative statement by Ptolemy where 
such small variations are considered negligible. He luckily found such statements, 
namely in V, 10, where Ptolemy admits that even an error as big as two minutes in 
one case, and four in another, may escape the observer: To that “Urdi says: «If 
Ptolemy is allowed to disregard two, or even foŭr minutes, at the center of the 
universe as negligible, for such values may escape the observer, then we should be 
equally allowed to differ by two or even three minutes». (fol. 129r) 


Finally, while urging the reader to accept his model, and to reject that of 
Ptolemy, the latter being in contradiction with the accepted principles'of astronomy, 
SUrdi stresses his own philosophical convictions by saying: «If we were to accept that 
there is a sphere that moves on its center, sometimes speeding up and other times 
slowing down, then there would be no need for all the efforts expended in regard to 
this astronomy, and the final quest would then be the knowledge of the equations to 
be applied to tbe motions, even if those were based on false notions. It would have 
also been sufficient to just record the equation tables without any further discussion, 
as one would do with the Zawragi projection, and the Safiha of al-Zarqal al-Maghribi, 
for they both assumed the horizon (i.e. the earth) to be in motion and the heaven 
(al-falak) to be fixed and were simply satisfied by the agreement between their results 
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This assertion is then followed by an interjected argument as to why the moon is 
never seen to be moving in retrograde. But quickly after that, “Urdi returns to the 
main issue at hand by concluding: «This is a summary of their opinion concerning the 
spheres of the moon and their motions. And now, that we have come to the end of the 
description of their doctrine, we state the issues that we disagreed with them about, 
namely: Since it has become obvious that some of the doctrines that they held were 
contrary to the principles (usŭl) of this science, we reject these doctrines as well as the 
opinions recorded in the books of their followers. Among the objectionable issues 
are: 1) The motion of the epicyclic center counterclockwise, according, to their 
opinion, by virtue of the motion of the eccentric deferent --which has a considerable 
eccentricity. That deferent moves the epicyclic center in such a way as to describe 
equal arcs in equal times around the center of the Zodiac which is the center of the 
universe... (fol. 123v-124r), and 2) the epicyclic diameter --the line passing through 
the epicyclic center and the farthest point called mean or regular apogee, that is used 
as the starting point for the motion of the moon on its epicycle --as soon as this 
diameter departs from the line of centers, i.e. the centers of the universe, the deferent 
and the epicycle, it is then neither directed towards the center of the universe around 
Which the epicycle moves uniformly nor towards the center of the deferent, but 
towards a point called the point of prosneusis located on the line connecting the 
perigee of the eccentric and the center of the universe». (fol. 124r). 


«This, (in brief), is the opinion of Ptolemy and his followers. But now, let us 
discuss the position of the point that is to be considered as the reference point for any 
motion. In that regard we say: Anything that is assumed to be a reference point for 
any motion must itself be stationary with respect to the moving object so that the 
motion will be due only to the moving body as it draws away from it or comes close to 
it. Only then its motion can be correctly determined». This is a direct objection to the 
statement of the Almagest V,5, summarized above. Moreover, SUrdi felt that the 
whole ptolemaic model as described in the A/magest was untenable, for «it is obvious 
to anyone who has the slightest understanding that such notions (tasawwur) are 
contrary (mujanib) to the accepted principles of this science, and do not belong to the 
orderly and continuous state of affairs that is free from any blemish». He says: «We 
do not say that in order to be ostentatious or to chide anybody, but rather to speak for 
the truth and to support it». (ibid.). I am sure that the ironic similarity between this 
statement and that of Ptolemy himself in the Almagest IX, 2- it is almost verbatim as 
in the Arabic translation-- was intentional. 


In such terms “Urdi dismisses the ptolemaic lunar model and proposes his own 
simply by saying: «Let us assume that the directions of the motions of the lunar 
apogee and the epicyclic center were contrary to the direction that they assigned for 
them. We also disagree with them about the value of each of these motions. But yet 
there will be an agreement in the results according to both (models)». (fol. 120r). 


Refer to Fig. a where one can see clearly “Urdi's alternative model. The lunar 
apogee, now called B, moves counterclockwise by 3a around the center of the 
universe to bring point P, the center of the deferent, almost in line with the imaginary 
prosneusis point N in the ptolemaic model. Then, since the motion is taken to be in 
mean terms, let the deferent move around center P in the opposite direction by 2a to 
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With this remark, “Urdi concludes chapter twenty-three, having, so far, set the 
ground for a clear description of the ptolemaic model and a decisive attack on it [Cĉ. 
Fig. 3,3a in the text]. He also clearly identified the two points in the model that he will 
later take up in his objection to Ptolemy. 


In chapter twenty-four (fol. 119v-121r), “Urdi describes the lunar anomalies 
(ikhrilafat) that result from the movements of the spheres in the ptolemaic model. ln 
passing, he attacks Kharaqi, the author of Kitdb al-Tabsirah, on account of the latter's 
defense of the ptolemaic model, especially when he asserts that the lunar apogee must 
move clockwise. As we will see below this issue is critical to “Urdi's model. After 
correcting the argument of Kharaqi by proving that if one were to accept the initial 
premises of Ptolemy about the directions of the movements involved, one could then 
show that the lunar apogee will indeed move clockwise as stated by Ptolemy [cf. point 
A in Fig. a]. But then “Urdi hastens to say: «But this argument (giyas) rests on a 
premise that is not necessarily true, namely, that the center of the epicycle is moved 
by the deferent counterclockwise. If, on the other hand, we were to assume that the 
center of the epicycle is moved by the deferent clockwise and by the apogee 
counterclockwise, we would then escape the contradictions (muhal) that were 
necessitated by their opinion, and would reach the truth». (fol. 120v). 


After warning his reader in this fashion, “Urdi goes back to the exposition of the 
ptolemaic model by devoting the rest of the chapter to the description of each of the 
movements, the resulting anomalies, and the equations that can be determined for 
each case. 


Chapter twenty-five (fol. 121r-131v) is the crucial one in the whole exposition of 
the lunar theory. After surveying the observational evidence that was used by 
Ptolemy to construct his model, “Urdi suggests that one could interpret this evidence 
differently and still come up with the same results, without having to accept the 
obvious contradictions embedded in the ptolemaic model. As we have repeatedly 
stated above, “Urdi's purpose is to accept the same principles that Ptolemy accepted, 
and to accept Ptolemy's observations as valid, but yet, devise a model that does not 
violate the principles and still concurs with Ptolemy on the observational results. 


After going to great length to recast Books IV and V of the A/magest, citing all 
the evidence for the different models tried out by Ptolemy, “Urdi concludes this 
section by saying that in adopting his final model, Ptolemy «fell into contradictions 
(mustahil) at two different occasions, namely, that the center of the epicycle describes 
equal arcs in equal times around the center of the universe rather than the center of its 
own deferent, i.e. the eccentric --which is the first contradiction (muhdi)-- and that 
the line joining the mean apogee and the center of the epicycle does not pass through 
the center of the deferent except when the center of the epicycle is at its farthest or 
nearest distance-- at other times it passes through the prosneusis point described 
above. As a result, the motion of the epicycle is not measured from the same point, 
and thus could not be uniform around its own center-- which is another contradiction 
(muhal)». (fol. 123r). It was obvious then, that in these two instances Ptolemy 
«necessarily contradicted the principles of this science, and we are thus sure that the 
model for the moon could not be as they had described». (fol. 123r). 


Ss 


the universe is equal to the distance of the center of the universe from the center of 
the deferent. Furthermore, this point moves along with the motion of this (straight) 
line, and so does the center of the deferent. The (straight) line itself is moved by the 
sphere of the nodes (jawzahr) and that of the inclined sphere, and they, together, 
move the apogee in the direction opposite to that of the zodiacal signs (khilaf 
al-tawali) (i.e. they move the lunar apogee clockwise around the center of the 
universe]. This point is the one called the point of prosneusis (al-muhadhat)». 
(fol. 119r) 


To be specific, “Urdi does not only dissociate himself from such opinions of the 
«ancients and the moderns», but further quotes with ingenious editorial skill the 
Almagest V, 5 to put the blame for adopting such a point fairly and squarely on 
Ptolemy's shoulders. He summarizes Ptolemy's statements in V, 5, thus: «The point 
Which is fit to be considered the reference point (mabda' al-harakah) for all the 
particular movements of the moon is always in straight line with the center of the 
epicycle and the point that is called the prosneusis point. This apogee (i.e. the 
reference point) is the one called regular or mean apogee». (fol. 119r) 


LUNAR MODEL 


Fig.a 
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the same inconsistencies. As a result, any alternative mathematical model had to be 
tested against the Ptolemaic observations and, in the long run, had to reproduce, as 
close as possible, the ptolemaic projected orbit of any planet. The whole project 
therefore, is to try to save Ptolemy from himself, and to render his astronomy to be 
more consistent with its own axioms. This attitude is indeed condescending for it 
implies that the problems in Ptolemy's astronomy can be fixed up, so to speak, and 
one did not yet need to search for a completely different set of axioms. That final 
search could have been achieved only when one felt that he had exhausted thc 
possible modifications that could have been done on the received astronomical 
theory. From that perspective, “Urdi's Kitab al-Hay'ah is only but one of a long chain 
of modifications applied to ptolemaic astronomy before the final break that was only 
to come in the early seventeenth century. 


a- “Urdi's Treatment of the Ptolemaic Lunar Model 


SUrdi treats Ptolemy's lunar model in chapters twenty-two (fol. 118 r) to 
twenty-five (fol. 121r), covering some thirteen folios. Chapter twenty-two is a 
straightforward exposition of the number of spheres involved in the construction of 
the Ptolemaic lunar model, their sizes, inclinations and relationships to one another. 
In effect, he describes the lunar model as consisting of four spheres: 1) the sphere of 
the nodes (jawzahr), 2) the inclined shpere (al-ma'il), 3) the deferent (al-hamil), and 
4) the epicycie (al-tadwir). 


In chapter twenty-three, “Urdi continues the ptolemaic exposition by describing 
the particular movements of the spheres discussed in the previous chapter. Here, for 
example, he gives the mean motion of each sphere, and the value of its inclination 
with respect to the others. 


Essentially the inclined shpere and that of the nodes move the apogee clockwise 
--text: in the direction opposite to that of the signs-- while the eccentric deferent 
moves by the same amount the center of the epicycle counterclockwise --text: in the 
direction of the signs~ in such a way that the deferent's motion is uniform around the 
center of the universe and not its own center. The epicycle itself moves clockwise 
around its own center in a uniform motion that is measured from a slanted diameter 
that passes through the center of the epicycle and the prosneusis point (muhddhat). 


As he describes these movements, “Urdi begins to hint that one should not take 
this model at face value. He says, for example, when he describes the motion of the 
deferent that «its motion is uniform with respect to the center of the universe 
according to their opinion (i.e. Ptolemy and his followers); thus it must be necessary 
for it to move at a variable speed around its own center». (fol. 119r). In such a subtle 
way he dissociates himself from the opinion of Ptolemy and his followers. Moreover, 
towards the bottom of fol. 119r, “Urdi sums up his exposition by saying:«This is the 
opinion of both the ancients and the moderns concerning the spheres of the moon and 
their motions. They also believe that the straight line joining the mean epicyclic 
apogee and the epicyclic center passes [when extended] by a point close to the perigee 
of the deferent and on [the extension of] the line that connects the center of the 
universe with the center of the deferent.The distance of that point from the center of 
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error not corrected by any of the extant versions of the Planetary Hypothesis“". When 
quoting that number, “Urdi does not only correct it to 8528 Egyptian years, without 
further ado, but rather renders the fractional parts in a different form, namely 


VEO p ĝo e sm eH 3 pu «a form not known from any of the extant copies 


of the Planetary Hypothesis. Was “Urdi then simply correcting one of the extant 
copies of the Planetary Hypothesis, and taking the same editorial liberties with its 
language that he took with the A/magest, or was he using a yet unkown version that 
was superior to the extant ones? In light of his better documented treatment of the 
Almagest, analyzed above, I suspect the former case was true, and that “Urdi was only 
after the intent of the text and not the language. 


The Technical Contributions of “Urdi 


This section is not to be understood as a substitute for a full technical 
commentary on the work of “Urdi, for that is projected to accompany the English 
translation which is forthcoming in a separate volume. The following summary is 
intended, however, to serve two purposes: first, to guide the English reader to the 
high points of the text, so that with as little help as possible in Arabic the reader could 
locate the relevant material in the text; and second, to give an overview of “Urdis 
approach to the problems in the Almagest that he had already isolated. 


The method used by “Urdi is to assume that his reader does not know Ptolemaic 
astronomy. Thus he felt he was under obligation to give in each case a clear and brief 
statement of that astronomy. But during his exposition of Ptolemy's astronomy, every 
time he would reach an objectionable point, he would briefly warn the reader about 
it, and leave it at that. At the end of each section, he would go back to respond to 
these objections and to propose his own alternative views on the subject under 
discussion. As a result, this method led “Urdi to react to the Ptolemaic texts as he was 
expounding them, and thus makes it difficult to point to a specific section where one 
could quote separately and say that it contained the sum total of SUrdi's objections to 
Ptclemy's astronomy. For a full appreciation of “Urdi's position therefore, the 
English reader will have to wait for the projected English translation of this text. In 
the meantime, one can isolate the technical modifications to ptolemaic astronomy, in 
an attempt to relate them to later astronomical works; thus enabling us to appreciate 
the historical impact of “Urdi's Kitab al-Hay'ah 


To start with, we noted earlier that “Urdi accepted without question the basic 
axioms of Greek astronomy, especially that the heavenly bodies move in circular. 
uniform motion, and that the unmovable center of the universe is the center of the 
earth itself. “Urdi also accepted the validity of the Ptolemaic planetary observations as 
quoted in the Almagest. What he objected to, were the mathematical models that 
Ptolemy devised to describe the motion of the planets. For, according to “Urdi, these 
models violated the accepted axioms of natural philosophy --including the axiom of 
uniform circular motion-- and should be replaced by a set of models that described 
equally well the same observed positions of the planets, but were not blemished with 


(47) Ibid., p. 15. 
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Ishaq-Thabit, Paris fol. 86y, and Hajjaj, BM, Add. 7474, fol. 119r, have 626 
Egyptian years written out in words cy ej kus klu llu / lu sia Luo 4122 leaving 
very little doubt as to the mistake being due to a scribal error in the copies we have at 
hand. “Urdi must have felt that he could correct such a mistake in the text without 
blaming Ptolemy himself for it, for nowhere does he criticize him for such mistakes; as 
if he felt that such mistakes were due to the transmission of the Almagest text rather 
than to the original composition. 


Still, in another place “Urdi must have felt that he could improve on the clumsy 
wording of the Ishaq-Thabit version of the A!magest. In a long quotation from XIII,2 
of the Almagest, “Urdi recasts that whole section as can be seen by comparing it with 
the full quotation from Ishaq-Thabit version that is copied in the note (fol. 149r 
p.515). Here, we single out two key sentences that are especially difficult to 
understand in the original text of the Almagest. In the first, Ptolemy says when he is 
talking of heavenly movements“»: 


aliso (8) Ulyis glis UY ŝidlje lemub jJ; SLol ŝŝilo N, iale ianb led „uJ O15 31 
N La Solo 5 ĉako] ~ 15 „aU 


“Urdi renders this by saying: 
lab pullo 3a 1 slupo ŝato 353 EU 1a kajla ŝuo dab laj ol 31 
In the second instance Ptolemy's text says: 
leliso sale da Lal lau SV Jo da Eb guo dia LI cag) ALI ĉapo ĉl 
which is rendered by “Urdi as: 
„lelo 1115 i tente dia Laj Lust ĝ 5) Ri ll DUI MIS LE ma 


These instances, and the many others referred to in the notes accompanying the 
edition should be convincing enough that “Urdi felt that he was responding to the 
intent of the A/magest, and not simply squibling over scribal or semantic deficiencies. 


The other ptolemaic text that “Urdi includes in his critique is the Planetary 
Hypothesis. And this one too, he treated in the same way he treated the Almagest. 
Because of that, however, one can not tell for sure whether it was “Urdi himself who 
corrected the mistakes found in the extant versions of the Planetary Hypothesis or that 
he was using an already corrected version hence superior to the extant versions 
published by B. Goldstein“? This becomes very clear in the following instance: While 
computing the number of Egyptian years resulting from 8523 tropical years, Ptolemy 
gets 9528 Egyptian years, 277 days, 20 minutes and 24 seconds which is an obvious 


(45) British Museum Ms. Add. 7415, fol. 203v, and Tunis Ms, Bibliothĉque Nationale 
Arabe, 7116, fol. 218v. 


(46) B. Goldstein, «The Arabic Version of Ptolemy's Planetary Hypothesis,» Transactions 
of the American Philosophical! Society, no. 57 (1967). 
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and the text in B and M: 


„33 LAluol majd 38,p Up lama DIASS OBoano Ulmo GES, 43 gie JA geuali laj 
„SLI 3 JI Sa $ dalo 35A skl 35a pas o eo adl JS Je pasoll 5, 


It is obvious that “Urdi first edited the Ishiq-Thabit version to render it as it is 
quoted in Q, and then he edited it further to produce the text of B and M. 


Once it was noted that “Urdi was not quoting the Ishiq-Thibit version, it was 
thought to be interesting to determine how else he was using that Almagest copy. 
After studying the passages quoted, it became clear that “Urdi did not feel any special 
veneration for the text or its authority. He essentially treated it in the same way he 
would have treated any other source, namely preserving its intent, but feeling free to 
edit the language. To facilitate the identification of the edited parts, the words or 
phrases that were either added to () or neglected from it were bolded in the above 
quotation. 


After such systematic checks, it was concluded that “Urdi was using primarily the 
Ishaq-Thabit version of the Almagest, but not exclusively. He seems to have had both 
versions to work with and to have selected the terminology that he thought reflected 
the contents of the text best, irrespective of the source of this terminology. He did not 
format and sentence structure that is Ishiq-Thabit's. The other possibility that “Urdi 
was using one of the versions of the A/magest that are no longer extant, and that itself 
combined the version of Hajjaj with that of Ishiq-Thabit, was ruled out for we have 
seen him editing the text of the Almagest even when he had already quoted it in Q in 
his effort to produce B, M. 


This conclusion was further confirmed after studying “Urdi”s attitude to the text 
of the Almagest. He felt at times that the text needed some explanatory phrases, and 
thus did not hesitate to insert such phrases at the appropriate places as he deemed it 
necessary. On fol. 124r, for example, “Urdi quotes the Almagest: 


eL glazo luas ŝuld OLV Gd pt lel sas cnlgialo Ol, SG OI OSI GES „LI ly 
Sedo 
Which was in the Ishaq-Thabit version, Paris, fol. 83v: 
Spd La ke nbj lo ekmalo OU,S5 OUI OULEL OS pLi Lo 
It is obvious that “Urdi did not only feel he could improve the Almugest text by 
replacing OkLlll by OLSUN „but that he also felt that the word «l~! needs to be 
explained here, hence the insertion of the bolded phrase. 


In another instance, “Urdi felt that the text of the Almagest was erroneous and 
needed to be emended. On fol. 128r, “Urdi correctly computes the number of years 
separating a lunar eclipse observed by Hipparchus from the Nabonassar Epoch to be 
620 Egyptian years, 219 days and 3/4 of a day. Both versions of the Almagest, 
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But certain key words in this passage assume the knowledge of the Hajjaj version. 
These are: l | peda VETSUS px pezaj Uta Lo versus iuball, ĉoJL, sU9 VETSUS lysio , 
em a VETSUS pormo Si . These key words do not appear in the Ishŝq-Thibit 


version, although the general style of the text seems to be modelled after the latter 
version. 


In light of this evidence, a second hypothesis was formulated, namely, that “Urdi 
was using an edition of the Almagest better known as a tahrir or a tafsir or some such 
name in which both versions were used. Such a tahrir was written by Nasir al-Din 
al-Tisi. And a quick comparison ruled it out immediately for “Urdi's quotations 
seemed to be still considerably closer to the original wording of the Almagest as we 
will see below. Was there another taĥrir or sharh that “Urdi could have used? The 
answer is positive, for we know of at least two: one by Nayrizi and another by Ibn 
Sina!” that were known as tafsir or talkhis. The text of Nayrizi is, not available for 
comparison, but that of Ibn Sini, as preserved in the Shif2', now in print, is 
definitely noj the candidate. 


Before undertaking the arduous task of checking every tahrir, tafsir, talkhis or 
the like, that “Urdi could have used, it was thought advisable to check if it were 
possible to determine such a source at all. The question was: What are the chances 
that we could locate a source text that “Urdi would be quoting with enough fidelity to 
allow a positive identification of such a text? The lucky situation of having two 
versions of “Urdi's work itself helped determine the futility of such an extended and 
time consuming search. It was thought that if “Urdi himself quotes Ptolemy in Ms Q 
from whatever source he could get it, and then went ahead and edited the quotation 
as well when he edited his own text to produce the text of B, M, then it would be 
highly unlikely that he would not do the same to an already edited version of the 
Almagest. The search was then reduced to checking every quotation of the Almagest 
in Q to see if it survived intact in B and M. The problem was resolved with the 
following quotation: Compare Q, fol. 17r: 


gad Al 5m Up lao UUp55 ĉlisluno ĉlupsms 05 aj ci PUN gtuell lilaj 
OL 5a p A o pd 38 pl a) mudi Ji Je paeo 35,a mas LAS) 

„ILJ GIS JI ul sadi, 
with Ishaq-Thabit version, Paris, 2482, fol, 83r- 


keel gall Ss 35, Up bam DIS soo go ma 05 ad pa JUI gauJi legi 
MA sa o so «dd IS daj! mad JlS Jo poao LUS 350 mus (sic) 
Ali Sm lul ou SLUJI Lia Loj saml asLaj ced lia ĝ dom KU SA su 

Ca Lagi aJ leplolo mood 


(43) Sezgin, Geschichte des Arabischen Schrifttumus, vol. 6, pp. 90-94. 
(44) sado ~o Lat (3oŭ£ Zu o~t emlab JI 12A ekus 2y aUl o or Gm de pl 
OAS ems ŝebll do pali sli ;3 „lalt ef „l ello 
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Here again, it is obvious that the preferred version, inspite of its clumsiness, as in 
the case towards the end of this quotation, is that of Ishiq-Thibit rather than the 


clearer version of Hajjaj. Instead of [Jl ĝis MIJ ĝis du Laŭ where 
one does not really know from the 'Ishaq-Thabit version which movement Je to sra 


the longitudinal movement is the smaller, hence to be subtracted from the latitudin- 
al one. 


From such instances it was clear that “Urdi was opting for the Ishiq-Thŝbit 
version even when it were syntactically inferior to that of Hajjaj. The hypothesis was 
then formulated that he either did not have the Hajjaj version at his disposal, or that 
the Ishiq-Thabit version was highly esteemed to have become the authoritative 
version. As we will see below, the hypothesis was proven to be false, for “Urdi had 
access to the Hajjaj version, and as far as the authoritative character of the 
Ishaq-Thabit version was concerned, one has to stretch the term authoritative to 
include editorial changes if one wants to hold such a hypothesis. 


First consider the evidence for the accessibility of the Hajjaj version. Compare 
Kitab al-Hay'ah, fol. 156v: 


AB La omas sut UI ap KaJ) Lo as [mio Ol59 sow aza Di] lall lla lj 31 uo 
Abo le supa OLS DI lla mmmas GI Oo MUB: o anis Sj a Lis LU gj suJ 
Lia prr Va AIS parita Na ako LIS „Ko Va askos Lo omb aŭs! Dl Jaŭo KUIS, „e 
Lal e Se lol LIS Bl «oo jo AU ALO 3a a AUT lal; eb 25 aa£ 6 5n SI 

1a ga BALDL Jr ol „i Jor paŝeto Ja SU Ŝo 
with the Hajjaj version, BM, Add, 7474, fol. 98v: 


oŭ luzo ŜI Billy Log ad ci pello LAJ Gea Log, „La kila „JUJ (i 
US Dl luo lapido ld Gli ll olla 8 e Opa£ Lo sail! aaoo le aio ŝela eoledol 
ld pa Lia ekas, (SI pU O8 ae loi A MI lektoj Ao pa opnuda LE mot ad 
JI pb pano md pe o51 daŭ medii (e ea gio l Oho opolias JLU Al pl ge pm ulos 
„GALo, sel pr Lu 

with the Ishaq-Thabit version, Paris, Arabe 2482, fol. 75v: 
ĈaJl Gpb ellos imal) Lo sod) dn pas lll lia ĜE e 9 ut Li LIL 
Je ULAN sill 3 Jl gll aJ Las i lu $ Jm de „aŭo VI foamdlj 
CILS DI pot gx pa elita; Le pomaj (i lui leloszas Ju kŭ 26488 Jo esma 
Y [uLAJ Sib. [ual DIS 13) kaJ lila aao La sd 5 guas Nl Jast SUF Leo 
La LU iuu Jo izabl Je aŭ olpall pl MI along 1muiio fuas 


It is obvious from such quotation that neither version was considered 
authoritative in the strict sense of the word, and not to be edited or tampered with. 
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By comparing “Urdi's text, fol. 121v: 


«UJI lia ye IL pi slis, eano das (padre 5 eld „dll 5 ,Ĵ An 
plado 485 p as mad 35 Ue Las elgzal Je lao Bas (pd d pd le mon 
Sul SA o aĝ SI Jas 
with the Ishiq-Thibit version, Paris, Arabe 2482, fol. 67r: 
ĝe de SI Lilia entas dj ema Sli 555,n lajS o ŝlo pl Ml 5,5 4 gasaj 
md Jl cdo JI sla Jo ljo Bos ZM Gd pe je plaĉa emuo Jo CILI lla 
Bj SA e iudi SI pas plas «89 lkaj ma dl SB 35 do 
with the Hajjaj version, British Museum, Add. 7474, fol. 88v continues 84r. 


PAR eks ĜO AKI maJ LS 38 p [Bar] lato Oo 6 ml ŝilo „all 35 Gd agis 
35 Laj Laj ma USoo cedo dl Ĝ mel jlo sai 3 SaJI oda ĵ,5 Alo 6 5 5 ŝlo 
dem dl Ĝĝ poll 15, pls mu di Jj II JI slabo ado sa5 mapli Ml 

Jee 


it was obvious that “Urdi was using the Ishiq-Thabit version, but with some editorial 
liberties such as replacing adl EU 35 by mallas , ŝilo by li, gadi Mb by 
cado gadi Jis 3 ĝi by LaS, ete, Otherwise, it was found that “Urdi adheres 
closely to the Ishiq-Thabit version. 


Another instance shows that even “Urdis terminology while editing the 
Ishaq-Thibit version is itself derived from the same version. Note the use of LS that 
ŜUrdi inserted in the previous quotation to render cal dis Go ĝi in both 
versions. That word itself comes from the Ishiq- Thabit repertoire as we see next. 


Compare Kitab al-Hay'ah, fol. 121y: 
LG LS (5 LUS 343 „a 61 JU pli ĝ gad! eb 354 05,» 51 «eL ad 
9 SA JAJ d 5 o pas Ĵil pll mll ki do o pell laj ud a 
edi 
with Ishiq-Thabit version, Paris Arabe 2482, fol. 83r: 
Hs LS 15 Las 8ps, „l eJ JU plu d gadi Mb 35, 055p GEI SUBI „agoj 
d 5A Jli ĝ SA do ais ap (6 plaib mall Ml: e do o al aj Lal 
Pal 
with that of Hajjaj, B.M. Add. 7474, fol. 112r: 
or OUl DLS LS mus ĉukoj majd Ml 38, 035) 03,5, Ki JU pll IS pas d paj 
Ul 35 ke yo dl 35 p ŝokoj „aŭo cal eb ks Jo „audi Jal 
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found from which every apparent irregularity would follow while everything in itself 
moved uniformly, just as the principle of perfect motion requires»“?. 


The Source of “Urdi's Astronomy 


To stress the fact that “Urdis Kitdb al-Hay'ah is essentially a critique of 
Ptolemy's astronomy as propounded in the Almagest and the Planetary Hypothesis 
one should note the following statistics: “Urdi mentions Ptolemy by name 145 times, 
and refers to the Almagest either directly by name or by conteat sixty-two times and to 
the Planetary Hypothesis thirty-seven times. All the ancient authorities that he 
mentions such as Hipparchus, Euctemon, Archimedes, etc, are ali taken from the 
Almagest, and at times, as in the case of Hipparchus mentioned more than twenty 
times. 


Compare that to the very few times “Urdi mentions other astronomers such as 
Ibn al-Haytham, twice; Jibir Ibn Aflah; once; Kharaqi, three times; Zarqila, three 
times; and at best he mentions them to blame them for doubting Ptolemy's astronomy 
When they did not have any alternatives of their own to offer. There is no need to 
labor this point any further, except to say that although “Urdi was aware of his 
predecessor”s works, he did not think much of them, ans still felt that he had to tackle 
ptolemaic astronomy from scratch. 


The next question that is relevant at this point is: How did “Urdi know of 
Ptolemy? Since he did not read Greek --there is no indication that he did-- which of 
the translations of Ptolemy's work did he consider reliable to be used in his critique? 
Further, how did he treat the sources once they were available to him? 


To answer these questions properly, a full linguistic study of the several 
translations of the Almagest that were available as early as the first part of the ninth 
century, should first be made. Since no such study has ever been done, and the 
Almagest translations have never been edited, all we can do at this point is to try, as 
much as possible, to establish some educated guesses and leave the full answers for 
future research. 


Concerning the Almagest's version that “SUrdi was using, an attempt was made to 
locate the exact place in the available translations that “Urdi was assumed to be 
quoting, and try to compare them with the quotations in Kirib al-Hay'ah to be studied 
from a linguistic point of view. Such a method proved to be fruitful since a good 
number of these quotations are long enough to allow some determination of the 
original source from which they were extracted. The Almagest copies that were used 
in this comparative study were: (a) The complete Hajjaj translation, preserved in 
Leiden, Or. 680, supplemented by the fragment, Book I-VI, in the British Museum 
Add. 7474; (b) The Ishaq-Thabit translation as preserved completely in the Ms of the 
Bibliotheque Nationale of Tunis 7116, supplemented by two fragments: (i) Paris, 
Bibliotheĉque Nationale, Arabe 2482, Books I-VI, and British Museum Ms Add. 
7415, Books VII-XIII. 


(42) Ibid., p. 435. 


arrangement of the planets in which Venus was found to be above the sun if one were 
to strictly use Ptolemy's parameters. 


5- Finally, the main objection to Ptolemy's theory of latitude lies in the fact that 
Ptolerny assumed in the Almagest XIII, 2 and 3, that the epicyclic diameters of Venus 
and Mercury undergo motions called «inclination» ,„«slanting». The Arabic translators 
of the Almagest used several terms to describe these motions, calling them mayl, 
inhirŭf, or wirab. Two of these terms, may! and inhiraf, were used in the title of the 
work of Abu “Ubayd al-Jŭzjani””, together with a third term, iltiwa”, signalling the 
fact that this problem was already identified in Avicenna's circle, and was known even 
then to be in violation of circular motion. Ibn al-Haytham"? and Tusi"? use all of the 
above terms to describe the latitude of the inferior planets and they add to them the 
term iltifaf. To assume that such motions as belonging to the heavenly bodies, meant 
that one had to assume a motion that is not itself circular or resulting from circular 
motion; such motion is in direct contradiction with the accepted premises. 


These were the major issues that “Urdi felt that they gave him enough reasons to 
attempt his reform of Ptolemy's astronomy. As we have seen, these were not the only 
problems with that astronomy, nor was “Urdi the only astronomer who attempted 
such a reform. The common motivation for all these reformers, however, was the 
attempt to save Ptolemy from himself, so to speak. All of these reformers wanted to 
believe the validity of Ptolemy's observations, and wanted to accept his premises, 
which, in turn, were essentially Aristotelian, but tbey felt like Ibn al-Haytham that 
one can describe «the movements of the planets with a consistent astronomy (hay'ah 
salihah) using bodies that move in a continuous uniform circular motion without the 
contradictions (muhdl) and the doubts (skubhah) that were in Ptolemy's astronomy!9. 


It is of interest to note that the same motivation was behind the Copernican 
reform of Ptolemy's astronomy: «Nevertheless, the theories concerning these matters 
that have been put forth far and wide by Ptolemy and most others, although they 
correspond numerically [with the apparent motions], also seemed quite doubttful, for 
these thearies were inadequate unless they also envisioned certain equant circles, on 
account of which it appeared that the planet never moves with uniform velocity either 
in its deferent sphere or with respect to its proper center. Therefore a theory of this 
kind seemed neither perfect enough nor sufficiently in accodance with reason»t!', 
Copernicus continues: «Therefore, when I noticed these [difficulties], I often 
pondered whether perhaps a more reasonable model composed of circles could be 


(37) G. Saliba, «Ibn Sina and Abŭ “Ubayd al-Jŭzjani: The Problem of the Ptolemaic 
Equant,» Journal for the History of Arabic Science, no. 4 (1980), pp. 376-403. 
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(39) Nasir al-Din Tisi, A/-Tadhkirah (Leiden, Or. 905, fol. 42r). 
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(41) N. Swerdlow, «The Derivation and First Draft of Copernicus's Planetary Theory: A 


Translation of the Commentariolus with Commentary,» Proceedings of the American Philo- 
sophical Society, no. 117 (1973), p. 434. 
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making the moon approach the earth at quadrature by almost half the distance it 
maintains at the syzygies. For if Ptolemy's model were true to reality, then the moon 
would look twice as big at quadrature. In a sense, this result of Ptolemy's model is the 
only glaring contradiction with common sense, and it is surprizing that no one had 
attacked him for it before. 


If we assume the reader's knowledge of Ptolemaic astronomy, as it is concisely 
described in Neugebauer's Exaci Sciences in Antiquity, Appendix 199, and more 
elaborately in the same author's History of Ancient Mathematical Astronomy€9, then 
we can simply list the issues that “Urdi found to be problematic in this astronomy. 
These issues were; 


1- The prosneusis point of the moon, which was found to be in violation of the 
circular motion axiom. For as a result of that point the first equation Of the moon 
seemed to be caused by a body that oscillates back and forth without ever completing 
a circle. Moreover, because it was not a fixed point with respect to the variable it was 
supposed to establish its measure, namely the uniform motion of the epicycie itself-- 
for the lunar anomaly is measured from the line joining the prosneusis point to the 
center of the epicycle- how could one, “Urdi asks, use it as a reference point? 


2- “Urdi could not accept the fact that in Ptolemy's model of the moon the 
deferent describes uniform motion around the center of the universe. For then it will 
necessarily move non-uniformly around its own center. The argument is essentially 
simple: If a circle moves uniformly around one point, it will have to move 
non-uniformly around any other point (fol, 157v). Ptolemy knew this argument, for 
he used it to establish the eccentric sphere of the sun in the first place. There he 
argued, since we observe the sun to move non-uniformiy, the sphere that carries the 
sun in uniform motion must then be eccentric to the center of the universe. And yet 
Ptolemy made the deferent of the moon move uniformiy around a point away from its 
own center. Although it is never stated by “Urdi as such, such motion is physically 
impossible. He only says that it is like the equant, imaginary, and could not be carried 
by physical spheres (fol. 154v). 


3- The equant, as stated above, was the most objectionable in Ptolemy's 
astronomy simply because it violated the basic principle of circular motion. «It is not 
possible,» “Urdi argues, «according to this opinion (i.e. Ptolemy's) that the equant 
could have a spherical body moving uniformly around the center of the equant. 
Equants are therefore imaginary circles, and imaginary circles, like imaginary lines, 
do not move uniformly, nor do they move otherwise». (fol. 154v-155r). 


4- Ptolemy's inconsistencies in regard to fractions involved in planetary distances, 
and his disregard for the sizes of the planets themselves have necessitated the 
recomputation of the whole section on planetary distances, thereby producing a new 


(35) Otto Neugebauer, The Exact Sciences in Antiquity, 2nd ed. (Providence: Brown 
University Press, 1957), pp. 191-207. 

(36) Otto Neugebauer, A History of Ancient Mathematical Astronomy (New York: Springer 
Verlag, 1975), pp. 21-256, 


41 


dating as far back as the early part of the 12th century if not earlier. The names of Ibn 
al-Haytham, Abu “Ubayd al-Jŭzjani, Jabir Ibn Aflah, and al-Bitrŭji should be 
recalled in this regard for each of these astronomers has written a text criticizing 
Ptolemy's astronomy in one respect or another, 


This tradition did not stop with “Urdi either, for we have direct evidence that 
Nasir al-Din al-Tisi, Qutb al-Din al-Shirŝzi and Ibn al-Shŝtir all worked within the 
same tradition. An indirect reference, namely a quotation by Ibn al-Sh3tir, the latest 
of these astronomers, connects Yahya b, Abi al-Shukr al-Maghribi to this movement. 
Several other titles mentioned in the introduction and conclusion of Qutb al-Din 
al-Shirazi"s Nihĝyah are said to have been written in the same tradition. This is not 
idle speculation, for Shirazi himself seems to have used these works in the preparation 


of his Nihayah. 


Later on, between the fifteenth and the seventeenth centuries, the objection to 
Ptolemy became codified and were isolated in separate texts, called Ishkaldr 
(Doubts). One such text by Ibn al-Akhawayn survives in a Ms now held in Vienna's 
national Library No. 1422. Another list of these Zshkalĉt is given in the so called 
al-Hay'ah al-Mansŭriyyah, a copy of which is kept at Khudabakhsh Public Library, 
Patna, India, shelf No. 2041. 


were accepted, which “Urdi also accepted, then one should be able to devise 
mathematica! models that preserve the axioms, and still meet the observational 
requirement of the effect of the equant, It is in this last model-building procedure that 
“Urdi finds Ptolemy's work wanting, and that he was just as qualified to propose new 
models of his own, 


model without recourse to eccentric shperes. As a result Ibn al-Shŝtir's lunar model 
gives a better representation of the reality, and avoids the Ptolemaic absurdity of 
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systematic about the use of the fractional parts, nor did he give due consideration to 
the sizes of the planets themselves. If one were to adhere to the Ptolemaic values, 
taking into consideration both the fractional parts and the sizes of the planets 
themselves, one would reach the same conclusion reached by “Urdi namely that 
Venus is above the sun and not below it. This problem had been studied by Noel 
Swerdlow““, B. Goldstein and Nowel Swerdlow“” and will be reviewed below. 


In view of these and other problems in Ptolemy's astronomy, “Urdi felt free to 
say that if one were to tolerate such inconsistencies «one would not need to devise an 
astronomical configuration (“amal hay'ah), and his (i.e. Ptolemy) astronomy (hay'ah) 
itself would be groundless, and it would even be superfluous to assume more than one 
sphere for any planet» (fol. 155v). Similarly, «if one accepts such absurdities (muhal) 
in this discipline (sina“ah), it would have been all in vain, and one would have found it 
sufficient to take only one concentric sphere for each planet, thus rendering eccentric 
and epicyclic spheres as superfluous». (fol. 157v). 


It is for these considerations, that “Urdi felt that the whole Ptolemaic theory 
needed to be drastically reformulated. His Kitab al-Hay'ah was written just to achieve 
that. For he says: «Once I read the books of the venerable Ptolemy and grasped his 
purposes, and found in these books things that are contrary to the principles and to 
the assumptions that he himself had accepted when he started in this science, and also 
found the authors of astronomical texts following him in that regard and imitating him 
like common folk, copying his very words, both the true and the false, without any 
examination or verification, I then took it upon myself to expound what they were 
ignorant of and to elaborate that which they neglected». (fol. 156r). 


It is noteworthy that most of these problems in Ptolemy's astronomy were also 
objected to by Copernicus and that he thought that they were enough reason to 
xeform that astronomy in a similar drastic manner. As we will see below, the technical 
alternative to Ptolemy's model for the upper planets is essentially the same in “Urdi's 
Kitdb al-Hay'ah and in Copernicus's De Revolutionibus V, 4. But at this point one 
could say, that no medieval astronomer up to and including Copernicus who 
understood Ptolemy's astronomy well, and was interested in more than the mere act 
of «saving the phenomena» in practical terms, could remain silent about these 
inconsistencies in the Ptolemaic theory. Modern research is beginning to uncover that 
the number of astronomers who spoke out is much larger than it was thought to be. 
And as we will show below, “Urdi's work was not unique in this regard in Arabic 
astronomy, but that it was one of several works written with the same object in mind. 


d- Kitib al-Hay'ah and History of Astronomy. 


We have seen above that in some sense one could talk of Kitab al-Hay'ah as 
being written within a tradition of astronomical literature that was critical of Ptolemy, 


(33) Swerdlow, «Ptolemy's Theory of the Distances and Sizes of the Planets: A Study of the 
Scientific Foundation of Medicval Cosmology». 

(34) Goldstein and Swerdlow, «Planetary Distances and Sizes in an Anonymous Arabic 
Treatise Preserverd in Bodlcan Ms Marsh 621». 
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I was then prepared to accept the divine abundance and thus was inspired with the 
beauty of the truth. My thanks and gratitude are to God, for the success that He has 
inspired. 


The first thing I did was to correct the movements of the lunar (model), by 
mending the faults that had caused the aforementioned inconsistencies (maĥdlŭi). 
Once I managed to find the true movemenis of the moon that accord with the 
principles (mugtadi al-hikmat) and the observations that Ptolemy himself had used, I 
went on to correct the movements of the (model) of the five planets especially with 
respect to the equants that he had mentioned when he said that the uniform motions 
of the epicyclic centers take place with respect to these equants, and that the 
diameters of these epicycles are directed towards these equants inspite of the fact that 
these epicycles are carried by deferents that are eccentric to these equants», 
(fol. 149r). 


The project that he undertook, therefore, was not «to disagree with him (i.e. 
Ptolemy) in any matter that is mathematically demonstrable (burhaniv) or observa- 
tional (rasdiv), but only in matters that he arrived at by speculation, and thus 
contradicted the (accepted) principles». (160r). For if Ptolemy does not have the 
power of mathematics, as a demonstrative science, nor the observations, that are the 
hard facts, to back him up then: «he has no priority over anybody else in regard to 
speculation (turig al-hads) especially when his mistakes had been made evident. And 
if someone else could propose an alternative that agrees with the principles and 
matches the observations in the particular movements for each planet, then that 
person would have a better claim on the truth». (fol. 167v). 


In summary, “Urdi felt that Ptolemy had erred when he proposed the prasneusis 
point for the moon, and made the moon's epicycle describe uniform motion around 
the center of the universe rather than the center of its own deferent. He also erred 
when he introduced the equants in the model of the upper planets and that of 
Mercury, for «equants are imaginary circles, and imaginary circles, like imaginary 
lines, do not move at all. neither uniformly, nor otherwise». (fol. 154v-155r). And 
since Ptolemy himself had assumed «that these motions are produced by bodies 
(ajsĉm). then it is clear that his opinion is contrary to the principles that he himself 
had accepted about the nature of the heavens». (fol. 148v). «But once he found it 
difficult to propose a theory that agrees with the principles that are appropriate to the 
nature of the heavens, he resorted to rhetorica! devices (khitibah) when apologizing 
for having to accept approximative procedures that he thought were difficult to 
establish precisely; that he did in several places in Book IX, and XIII2 of the 
Almagest». (fol. 148v). Moreover, Ptolemy's opinion in the Planetary Hypothesis that 
the planetary movements could be described by spherical slices (manshŭrĉt) rather 
than full spheres is even uglier (agbah), for «he would then still have the contradiction 
that these slices do not move uniformly around their own centers, and in addition, he 


will have to accept sections of shperes that are not uniform in shape, which is contrary 
to natural science». (fol. 155v). 


In two long sections, 165v-166r and 180v-187v, “Urdi disagrees with Ptolemy 
about the way the latter computed the planetary distances, for he was neither 
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But in the introduction “Urdi does not state why he undertook the writing of 
Kiiab al-Hay'ah itself, nor is there in the text itself any further mention of the Divine, 
or the proof of His existence. One has to read the whole work and extract from it the 
reasons why “Urdi thought that he had to write this book. Once the reader has been 
seduced to read the book through the conventional pieties in the introduction, he 
would then be led step by step into seeing the folly of Ptolemy's astronomy and the 
need to accept “Urdi's as a better alternative. 


Why did “Urdi follow this style in writing Kitab al-Hay'ah? My suspicion is that 
he did so for two reasons, namely: he was conscious of the fact that the study of 
astronomy. being long marred by association with astrology, needs to be justified on 
its own, thus devoting the introduction to a pious rehabilitation of astronomy. The 
second reason lies in his full awareness of the novelty of his work. He did not want his 
book to be identified as contrary to commonly held opinions and thus neglected from 
the very beginning. Instead, he wanted the reader to be introduced to Ptolemaic 
astronomy in the simplest pedagogical manner, and during the exposition of that 
astronomy, but only then, he wanted the reader to see the faults of such an 
astronomy, and finally to be shown that there was an alternative; the alternative, of 
course, was “Urdi's astronomy as exposed in this text. 


This strategy, “Urdi thought, would best be suited for the kind of reader he had in 
mind, He did not want to object to Ptolemy's astronomy just for objection's sake as 
was done by Ibn al-Haytham and Jabir Ibn Aflah before him. They, he claims, «have 
raised doubts (against Ptolemy's astronomy) and did nothing but raise these doubts. 
But upon my life, any reasonable man should give the benefit of the doubt to anyone 
who has been so famous for his virtue and not object to him without an indisputable 
evidence and a clear proof. But if, on the other hand, one were to find by 
unquestionable proof an error in anybody's work one should do his utmost to correct 
it, if he is able to do so. If he can not correct it, but still finds it possible to delineate 
the erroneous point and offer the right solution, then (by all means) he should not 
hesitate to reject the error, even if it were committed by the dearest person to him». 
(fol. 156v) 


As much as he respects Ptolemy, “Urdi finds himself at several points in 
Ptolemy's astronomy amazed by Ptolemy's inability to be consistent. He says: «When 
I studied both of his books, the Almagest and the Planetary Hypothesis and saw what 
they contained by way of marvellous ingenuity, and superb imagination, and I also 
saw in them enough proof of the abundance of his knowledge, I was amazed by him, 
being of such illustrious stature, how he would accept these opinions that are strange 
to this discipline. What surprized me more, however, is the persistence of this 
astronomy until this very day, despite the fact that there had been many authors and 
serious thinkers who dealt with it; all of them imitating him, and none of them ever 
correcting him in any way nor offering any alternative method. On the contrary, most 
people expended their efforts in following his doctrine, and the few who raised 
doubts, satisfied themselves just with doubt. Those who thought highly of him 
imitated him and said nothing else, and those who brought forth some doubts did not 
respond to (the doubt) nor did they produce anything of their own. But as I persisted 
to think of this matter, constantly pondering itin my mind, and exercising myself in it, 
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some of them indicate a reworking of the tex(U". Similarly, the present author had 
noted, for some time now, that the Sulavmanivvah copy of Ibn al-Shitir's Mihavar 
al-Sŭl is an early version for itis the oldest and the only one that has syntactical 
vartants that were nowhere to be found in the remaining six extant manuscripts. 


Without gomg into further details, we can now assume that the practice of 
reviewing one's work, re-editing it, or even re-writing it as “Urdi did, was nota 
particular phenomenon associated with “Urdi alone, nor was it any more peculiar to 
le Middle Ages than it is to our days. 


b - The Date of Composition of Q 


How does this excursus effect the date ol composition of Kirdb al-Hay'ah? Since 
the text of Q was available in the early 1250's one has to assume that it was composed 
mn the previous decade, i.e. in the 1240'5. This is especially significant in light of the 
statement preserved even in the early version Q where “Urdi confesses to having held 
back the publication of his book for a long time before he finally decided to put forth 
his radical ideas and level his comprehensive attack on Ptolemy's astronomy'”, 
Moreover, if his statement about his work for al-Mansŭr, the Master of Hims, places 
him in Damascus between 637 and 643 in the company of an accomplished 
astronomer, and in the service of a monarch, one would have to assume that he was 
already well established by then to be famous enough for a royal patron. And since 
Kitib al-Hay'ah was his major work, one could assume that it gave him the fame he 
needed by the late 1230's early 1240's. 


The only other source of information about the composition of Kir4b al-Hay'ah 
comes from the text itself. There “Urdi quotes the longitude of the first star in Aries, 
the first of the two Sharatain, as being in his days --fi zamdnina-- on the twenty-third 
degree of Aries --that same star has the longitude 6;40” in the Almagest. “Urdi also 
quotes the apogee of Mercury as being iz his days on the twenty-seventh degree of 
Libra. This information, however, can not help very much, for the phenomenon of 
precession is too slow to pinpoint dates, and the values themselves, as quoted by 
“Urdi in full integers, are too crude to allow a more precise determination of the 
composition date. 


In light of the available evidence, therefore, we must assume that the text was 
composed sometimes between 1235-1245, but not after that for the reasons discussed 
above. Unfortunately, the date could not, at this stage, be refined any further, and 
one has to wait for future research to accomplish that. 


c- Motivation for the Composition of Kitab al-Hay'ah. 


The express purpose for writing on astronomy, as stated in the introduction of 
Kitab al-Hay'ah is to supply «the proof for the existence of the Creator», Moreover, 
astronomy is the subject that «leads to the knowledge of the Divine, and the 
knowledge of the magnificence of the Creator, His wisdom, and His omnipotence.» 


(31) Ibid., vol. 2, p. 118. 
(32) Q, fol. 100v. 
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re-writing of (Q now seems obviously related to a quest for brevity and to a refinement 
in the argumentation. 


The only question that remains to be answered is the following: Since Q is a copy, 
and not the original autograph of “Urdi, as stated above, why would someone copya 
text that is already re-edited in a better and briefer form as in B and M. The only 
possibility that could make sense, assuming the copyist of Q knew what he was doing-- 
and there is no reason to think otherwise -- is that the copy ( was made when the 
master copy of B and M was not yet produced. Since we have seen earlier that B and 
M derive from a text written before 1259, then Q was itself copied before then. To be 
on the conservative side, we assume the actual manuscript was executed in the early 
part of the 1250's. As we will see below, this date could possibly be pushed still 
earlier. 


To confirm the hypothesis that once the text preserved in B and M was available, 
the text of Q was neglected, we note that Qutb al-Din al-Shirazi, who quotes “Urdi in 
his own work Nihdyat al-idrak--which was composed around 128199-- uses the text 
preserved in B, M and not the one in Q. Moreover, the son of “Urdi, Who ought to 
know which of his father's texts is reliable, either copied or commissioned the text as 
in B, and not Q. The text preserved in QO, we must assume, became obsolete once the 
text of B and M was available, and what later became known as “Urdi's Hay'ah was 
the text preserved in B. 


Now that we have argued for an early version of “Urdi's text in the early 12505, if 
not earlier, we note that essentially the whole text was in a completed form by then. 
To avoid any futile speculation, and to allow the reader to participate in this rare 
phenomenon, of being able to witness the actual working of a medieval astronomer as 
he edits his own text, it was thought that this opportunity should not be missed, and 
the text of Q should be included in the edition rather than neglected as being already 
made obsolete by the 1250's, by the text of B and M. The only modification to the 
general editorial methodology, that was finally adopted, was to include in the form of 
appendices the longer sections of the text of (Q that were heavily edited in B and M. 
This meant the inclusion of some 1200 words in the form of appendices together with 
the larger amount of variants in the critical apparatus. But in view of the historical 
importance of the text, and the desire to involve the reader in the work of a medieval 
astronomer, the extra labour was thought to be well spent. 


Once the two-stage composition was discovered, it was interesting to investigate 
whether other astronomers treated their works in the same fashion. A quick check 
proved to be useful, for both Nasir al-Din al-Tisi, in his Tadhkirah, and Ibn al-Shatir, 
in his Nihdyat al-Sŭl have done similar things. Even from the partial study of Tŭsi's 
Tadhkirah"9 it was found that the Leningrad copy of the Ms presented variants that 
could not be easily attributable to scribal idiocyncracies. It was rather thought that 


(29) G. Saliba,«The Original Source of Qutb al-Din al-Shirazi's Planetary Model,» Journal 
for the History of Arabic Science, no. 3 (1979), pp. 3-18. W ; . 
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argument “Urdi intentionally took a value for the radius of the moon that is smaller 
than the one in the Alzagest, namely, 0;17,30”, rather than the Almagest value that he 
quotes at other places as 0;17,40”, which is the maximum apparent diameter for the 
least distance at syzygy. 


After writing the text of Q, “Urdi must have realized that he made a mistake, 
namely by adding the radius of the moon to the diameter of the shadow rather than 
adding the diameter of the moon. He also must have realized that the value 0;17,30“ is 
for the moon at minimum distance and that one could conceivably make the condition 
stricter by taking the radius of the moon at its smallest value, namely, 0;15,40?, which 
is actually L (0;31,20), the size of the moon at its farthest distance. Moreover, 
suppose one intentionally reduces these parameters by an appropriate amount to 
make up for approximations taken at the various steps, would one still reach an 
absurd conclusion? The answer was in the positive. In the text of B and M “Urdi does 
just that. 


“Urdi now formulates the argument thus: Suppose the diameter of the shadow is 
reduced to 9;40", instead of 9;50?, and suppose the moon is taken at its least 
apparent size —i.e. when its radius is 0;15,409—- to be 0;15,20“, then 


2 


-- 0;15,20 = 5;5,20" 


Which is still considerably bigger than the maximum latitude of the moon. The moon 
therefore must be eclipsed. And that was the required result, 


Therefore the sun could not be equal to the earth; nor could it be smaller, for 
then the shadow would even be bigger than the one just computed and hence all the 
more reason for the moon to be eclipsed every month. Since none of these conditions 
occur every month, nor does the moon get actually eclipsed every month, the sun 
therefore must be larger than the earth. 


Now that we have seen the basic shift in the argumentation between texts Q and 
B, M, it is easy to reconstruct how the train of thought was carried, for we note how 
the faulty equation 
9;50 -- 0;17,30 
2 


= 5;3,45 was corrected, and refined to: 


3 


2 


= 0;15,20 = 5;5,20 which still proved the point much more convincingly. 


After studying this chapter, there was no doubt left that the text preserved in Q 
was an earlier text, and that it was itself used to be reworked to produce the text 
preserved in B and M. That also explained most of the grammatical mistakes as in the 
above examples, and explained the anomalous reduction of a text of about 120,000 
words to about 90,000 words, i.e. cutting it by one fourth. The motivation behind the 
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the pronoun was referring. This was clearly a case where B and M were dependent on 


0. 
2. On fol, 158r, B reads: ...ULluzo Olua Ola avle ped pkmo Lu 5 ol 


This is the same text preserved in M, and obviously grammatically erroneous, for 
the object of mi can not be in the nominative as it is here with olw»- and its 


adjectives. () however, has the variant ese instead of pa, aŭd thus had the correct 
nominative ending for ol and its adjectives as the subject of the verb. 


Here again, it seems that such a mistake could be explained by assuming the text 
of Q as being at the base of the text of B and M. “Urdi seems to have been again trying 
to refine the language by saying explicitly that the two straight lines are to be 
constructed rather than have the vague language of Q which has the two straight lines 
being set upon. Once the verb was changed from the intransitive to the transitive, the 
necessary change in syntax was neglected, and hence the resulting mistake. 


3. On a much larger scale, “Urdi seems to have edited whole chapters of his 
original text to make the arguments more consistent or even to introduce stricter 
conditions in the proof. The best example of that kind of reworking of Q is shown in 
the chapter designated as chapter thirty in Q, and appended to the edition as 
appendix 2 (fol. 138v-139r). 


In this chapter, the object is to prove that the sun is larger than the earth. The 
main line of argument is, by a redactio ad absurdum, to say that if the sun were equal 
or smaller than the earth, then the moon would be necessarily eclipsed once a month 
when it is in opposition to the sun. Since that does not happen, then the sun must be 
larger than the earth. 


The argument in () proceeds as follows: show that the sun can not be equal to the 
earth, and then show that it would even be more absurd to think that it is smaller. To 
negate the equality, “Urdi says: if the earth were to be as big as the sun, then the 
shadow of the earth would be cylindrical, and at the farthest distance of the moon 
from the earth, the radius of that cylindrical shadow would be 9;50?. He obviously 
arrived at this number by the following computation which is not mentioned in the 
text. One knows from the Almagest V, 16, that the maximum distance of the sun from 
the earth is approximately (18--1/2 -- 1/3) times the maximum distance of the moon 
from the earth (Almagest actually has 18 4/5). SUrdi also knew that at that distance 
both the sun and the moon looked the same to an observer on the earth, thus both 
having an apparent diameter of 0;31,20”. Therefore, the size of the sun, and thus the 
diameter of the cylindrical shadow it generates with the equally large earth, should 
be: 


(18 -- 1/2 -- 1/3)x 0;31,20 = 18 5/6 x 0;31,20 = 9;50,6?, which SUrdi takes to be 9;50". 


Then “Urdi says: if we add to the diameter of the shadow the radius of the moon, 
0;17,30, and divide the sum by two, the result would then be 5;3,459. The resulting 
value is greater than 5" which is the maximum latitude of the moon. Therefore, the 
moon can not «escape» the earth's shadow, and must be eclipsed. Note that in this 
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Independently of that discussion, tbe date of composition of “Urdi's Kitib 
al-Hay'ah is of interest on its own. And although we lack clear reference to that date, 
it is still useful to collect all the information that we now know. The date of 
composition itself is further complicated by the fact mentioned above, without 
discussion, that “Urdi wrote his Kitab al-Hay'ah in two versions: An early one 
preserved in Q, and a later one preserved in B, and M. Discussing the date of 
composition therefore, leads necessarily to a discussion of the date of composition of 
both versions. But before doing so the two-version composition should be discussed 
first; that is done in the following section. 


a- The first version of Kitab al-Hay'ah preserved in Q 


As the collation of the three extant Mss, on which this edition is based, was 
begun it was immediately noticed that Q was definitely derived from a stem quite 
different from the one used by B and M. At first it was thought that the variants were 
the normal variants due to scribal recensions. But it was soon realized that the 
variants were also at times even stylistic, and thus could not have been simply 
Ccharacterized as scribal variants. 


The second hypothesis to be considered was the unlikely case of both versions 
being actually done by two students, hence reflecting two writers. That hypothesis 
would assume that “Urdi gave his book in a series of lectures; students, taking notes, 
later reorganized it in a publishable form. That hypothesis, absurd as it is, was 
entertained for a very short time and was then discarded as untenable, for the 
relationships between these Mss supported beyond any doubt a third hypothesis, 
namely, that the writer of the text preserved in B and M, had the text preserved in Q 
to work with. This last hypothesis, as will be shown below, solved two problems at 
once, namely: the relationship among the extant texts, and the relative dates of their 
composition. 


Without going into great details, consider the following variants between Q on 
the one hand and B, M on the other: 


1. On fol. 134v, B reads: 
Le hadi by ll, 3, am Ou BAA "pall sua BplaJl oda bio 
This is the same text as in M, and both Mss, B and M have the same grammatical 


mistake, namely, „the feminine pronoun, referringto k.e the masculine noun. 0 


on the other hand reads... Ladi „= ŝ,1aJ elas where the pronoun E is correctly 
used to refer to the noun ŝjl» „ 


The correct text of Q, referred originally to the circle resulting from the 
intersection of a cone and a sphere. Then, later, in the process of refining the 
terminology, “Urdi wanted to refer only to the circumference of that circle and not to 
the vague term circle which could include the area as well. At that point he felt that if 
he inserted the word (circumference), before „ia, it will clear up the 
ambiguity. By doing so he generated the reading preserved in B and M, together with 
the pronoun „2 which he should have Changed once he changed the subject to which 
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inaccuracies, but nowhere does he face the more basic problem, that is Kharaqi's 
slavish adoption of Ptolemy's astronomy. That sophistication he leaves for Kitib 
al-Hay'ah which was in all likelihood written after some years. 


4) Risdlat al-arnal fi al-kurah al-kamilah (A Treatise on the Use of the Armillary 
Sphere). This text has been mentioned by “Urdi himself in both of his works Kitib 
al-Hay'ah? and Risadlat al-rasd“?. Unfortunately, no copies of this text have been. 
uncovered yet, and the present author suspects that it may be one of the tens of Mss 
simply titled Risdlah fi al-Kurah that are attributed to Qusta b. Luqah, Autolycos or 
even Archimedes, and have not yet been investigated. Either sheer luck, or a 
thorough cataloguing by historians of Arabic science of the holdings of Libraries 
under that title, may uncover this text in the future. For the time being, we have to 
assume that it is lost. 


5) Finally, “Urdi seems to have written a short article under the title «fi itmdm 
burhan al-shakl al-rabi“ min al-maqalah al-tĉsti“ah min al-maĵisti» (On Completing the 
Proof of the Fourth Figure of Book IX of the Aimagest), which seems to be extant in 
two copies: One in Meshhed, Iran, as an appendix to the Almagest copy there 
No. 545299, and one in Ankara, Turkey, Saib 5092/7 fol. 68a-68b€?. The latter copy 
has a slight variation in the title; instead, it has Mugaddimah fi tashih burhan al-shakl 
al-rabi“ min tasi“at al-majisti (An Introduction to the Correction of the Proof of Figure 
Four Book IX of the Almagest). I have not been able, as of this date, to study any of 
these Mss. But from the title they seem to be copies of the same work, and that there 
is no reason to doubt their authenticity. As for the contents, it may very well refer to 
the last diagram of IX, 6, for it is the fourth in that book, and itis the one dealing with 
the Mercury model. 


The Text of Kitib al-Hay”ah 


A few years ago, when Kitdb al-Hay'ah was first identified as being extant in Ms 
B, the present author raised the question of the date of composition of this text in 
terms of its priority to Tŭsi's Tadhkirah. The results reached then that SUrdi's work 
was written before 125999, before Tisi's Tadhkirah, and before “Urdi's arrival at 
Maraghah, are still valid today. But to raise the question in terms of priority was a 
methodological mistake. For priority would be interesting only if one could show 
some indebtedness within the works considered. Now, after a full study of “Urdi”s and 
Tusi's works, this author is convinced that there is no such indebtedness, and that both 
astronomers were working independently of one another. One can now assert that 
even the technical solutions applied to the Ptolemaic problems are not even similar. 
At this stage then, the whole issue of priority is of no consequence. 


(24) Marsh 621, [thereafter all folio references in the notes to SUrdi's Kitab al-Hay'ah wil 
be to this Ms], fol. 175r, 176v and 199r. 

(25) Tekli, «Al-Urdi'nin 'Risalet-Un fi Keyfiyet-il-Ersad' Adli Makalesi,» p. 100. 

(26) Muhammad Mudarris Rizavi, Ahwdl wa-Asar.. . Nasir al-Din (Teheran: Farhang Iran, 
1976), pp. 229-230. 

(27) Sezgin, Geschichte des Arabischen Schrifttumus, vol. 6, p. 292. 

(28) Saliba, «The First Non-Ptolemaic Astronomy at the Maragha School». 
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an unwilling guest at Maraghah, alone, and nostalgic to his homeland Syria. 


Briefly then, “Urdi was born in the medieval city of “Urd, that is no longer on 
modern maps, or descended from a family that lived in it. He moved to Damascus 
sometime before 1239, the earliest date al-Malik al-Mansŭr could have come in 
contact with him to employ him. There, he worked as an engineer and a teacher of 
Geometry; he probably taught astronomy as well. In the 1250's he was recruited by 
Nasir al-Din al-Tisi, who had by then assumed the office of vizir to the Mongols; and 
in 1259.- or shortly before-- he was brought to Maraghah, in modern Adharbayjan, to 
construct the observatory. There, in Maraghah, he died, leaving a family of at least 
one son called Muhammad. It was this son who, in his father's footsteps, built a 
celestial globe, and made a copy of his father's Book on Astronomy which is 
preserved in Ms M. 


“Urdi?s Works 


So far we mentioned two of the works of “Urdi, namely: 

1) Kitib al-Hay'ah (Book on Astronomy), wbich is edited herewith, and 

2) Risdlat fi Kayfiyyat al-Arsad (A Treatise on the Methods of Observations) 
Which should be better identified by its alternate title: Risdlat fi kayfiyyat “amal alĉt 
al-rasd wa-kayfiyyat istimdliha (A Treatise on the Construction and Use of 
Observational Instruments), for that is actually the subject matter of the treatise, 
rather than the methods of observation. This treatise has been edited and translated 
into French, German, Turkish and English”», 


From other sources we know that “Urdi also wrote the following works: 


3) A commentary on Kharaqi's astronomical treatise al-Tabsirah, which he called 
a mulhaq to the Tabsirah. This work is extant in a unique Ms, as far as I know, at the 
Escorial Library, Spain. In the catalogue of the Escorial Ms Arab. No. 95592, it is 
identified as anonymous simply because the author's name is not mentioned on the 
first page of the text nor in the colophon. The present author has edited this text, and 
can now show beyond doubt that it was the work of “Urdi, for, among other things, he 
is mentioned twice by name inside the text, and referred to as: «gala al-“Urdi» (“Urdi 
said)”, The text itself, however, is only an elementary treatise on astronomy, and 
stays very close to the wording of Kharaqi's Tabsirah. After close investigation, it 
looks like it is a text that “Urdi may have written when he was still young, for he does 
not mention in it any of his other works. He may have also used it to teach his students 
their «first course» in astronomy through the Tabsirah using this mulhaq as a running 
commentary. In terms of sophistication it is nowhere comparable to the text we are 
editing here, and all it shows is a student's eagerness to begin to be critical, and to 
think on his own. In this mulhag “Urdi feels that Kharaqi's Tabsirah is ridden with 


(21) Jourdain, «Mĉmoire sur les instruments employĉs 3 l'observatoire de Maragha,» p. 43 
ff; Seeman, «Die Instrumente der Sternwarte zu Maragha nach den Mitteilungen von al“Urdi,» 
pp. 15-126, and Tekli, Ibid., pp. 1-169. 


(22) Escorial Ms. Arab. 955, fol. 110v-128v. 
(23) See for example: fol. 112r: «qila Mu'ayyad al-Din al-“Urdi». 
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reference in his Risdlar al-rasd when describing an instrument for determining the 
azimuth. There he says that he had built one like it for al-Malik al-Mansŭr ruler 
(sdhib) of Hims, in the year 650 A.H. (1252), in Damascus, in the presence of the 
wazir Najm al-Din al-Lubudi who then called it al-dlat al-kimilat (The Perfect 
Instrument), If we take the designation al-Mansŭr as the official lagab adopted by the 
Ayyŭbid ruler of Hims, al-Malik Ibrahim, then there is something wrong with 
the date, for that specific ruler died some seven years earlier in 643 A.H."”, But if 
al-mansŭr is simply to mean a wishful blessing «the victorious», then it would refer to 
al-Malik al-Ashraf who was the ruler of Hims in 650. 


But Najm al-Din al-Lubudi, who was also an astronomer“”, did indeed serve 
al-Malik al-Mansŭr Ibrahim, ruler of Hims 637-643, and fled to Egypt after the death 
of his patron in 643. It is not known if he ever returned to Damascus, or that he ever 
retained the title wazir, or assumed another vizirate. 


If, on the other hand, the date 650 is corrupt in the Ms of Risdlat al-rasd“”-- and 
there are good reasons to think so, for some of the variant readings suggest even an 
absurd year 215-- then his presence in Damascus at the time when he was constructing 
the Perfect Instrument would be pushed somewhat earlier to the period when 
al-Mansŭr Ibrahim was in power, i.e. 637-643 (1239-1245). It is unfortunate that the 
available evidence does not allow us to refine these dates any further. 


If “Urdi was indeed in Damascus in 1252, then at some point between 1252 and 
1258 he must have either made contact with Nasir al-Din al-Tisi, or was brought to his 
attention as a famous engineer. For as soon as Tiisi was given permission by Hulagu to 
build the Ilkhanid observatory in Maraghah“9, he commissioned “Urdi to construct it. 
“Urdi”s Risalat al-rasd is a record of his work on the instruments of that observatory. 
In it too he complains that he was away from his family and homeland., and that he 
was at times asked to build buildings and to solve engineering problems that were not 
within his main line of work. He then bitterly says that he did all that out of obligation 
and not that he wanted to (mujbarun akhika la batal”. From the Zij-i Ilkhani 
Which itself is a very curious document, we do not know of “Urdi's participation in 
that observatory except in the construction of the instruments, I know of no other 
evidence to suggest anything else. But all the evidence seem to point to SUrdi as being 


(15) ŝ slo Laa iSu sll o) bo smo Jas e pad aa1 cp dua AU o gul 
ANT go «OA EE esed Lull 

(16) For Lubudi, see; Bar Hebraeus, Historia Orientalis (Oxon: [n.pb.], 1672), p. 526; 
Heinrich Suter, Die Mathematiker und Astronomen der Araber und Ihre Werke (Leipzig: B.G. 
Teubner, 1900), p. 146, and IAU, “Uyŭn al-Anba' fi Tabagŭi al-Atibba', vol. 2, p. 185 ff. 

(17) Tekli, «Al-Urdi'nin 'Risalet-Un fi Keyfiyet-il-Ersad' Adli Makalesi,» p.159, 

(18) Aydin Mehmed Sayili, The Observatory in Islam and iis Place in the General History of 
the Observatory, Publications of the Turkish Historical Society, ser. 7; no. 38 (Ankara: Turk 
Tarih Kurumu Baslimevi, 1960), pp. 187-223. 

(19) Tekli, Ibid., p. 136. aa ; 

(20) For a technical synopsis of Zij-i IIkhani, see: E.S. Kennedy, «A Survey of Islamic 
Astronomical Tables, Transactions of the American Philosophical Society, no. 46 (1956), 
pp. 161-162. 
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risdlat al-rasd for short), where he is called malik al-muhandisin, the nisbah Dimashqi 
is added to his title. His name there is simply Mu'ayyad al-Millat wa-I- Din al-“Urdi 
al-Dimashqi. I do not know of any other reference to this author which may shed 
further light on his name, 


We assume then that his first name was Mu'ayyad, his lagab was Mu'ayyad 
al-Din, his father's name was Barik (or Burayk), and that he was either born in “Urd-- 
a city between modern Palmyra of Syria and Rusafa""-- or that his family came from it 
to earn him the nisbah “Urdi. There seems to be one Ms of his work Risdlat al-rasd 
where his father's name is quoted as Barmak, which is a possible misreading of Barik 
or Burayk. As for his grandfather, I do not know how a later hand determined his 
name to be Falŝh, and thus Ms Q identifies him in the Hebrew script on the front page 
as Ibn Falah. In the body of the text, the more reliable,part of Q (fol. 1r), where his 
name and titles are repeated in full, his grandfather's name is not mentioned. For lack 
of any further corroborating evidence, we have to assume that the question Of his 
grandfather's name is not yet settled. 


His second nisbah “Amiri, used by him in Q, and by his son in M, is most 
probably referring to the Arabian tribe of Banŭ “Amir'O, and thus would indicate that 
he and his family identified themselves as descendants from the southern Arabian 
tribe of Banŭ “Amir. The nisbah Dimashqi used in Risalat al-rasd and Tisi's Zij-i 
Ĥikhanb'? simply refers to the fact that he had established his career primarily as an 
engineer in Damascus. We also know that he taught Euclid's Elements there to the 
Physician Ibn al-Qufi'”. 


We do not know, so far, anything about his birth date, but Jami“ al-Tawĝrikht? 
gives his death date in the year 664 A.H. (1266 A.D.). And if we assume that he died 
in his sixties, then it would be reasonable to say that he was born towards the 
beginning of the thirteenth century. 


The only other biographical information we have of him is the perplexing 


Magasine encyclopĉdique au journal des sciences, des lettres et des arts, no. 6 (1809), p. 43 f£; 
Hugo J. Seeman, «Die Instrumente der Sternwarte zu Maragha nach den Mitteilungen von 
al-“Urdi,» Sitzungsberichte der Physikalisch-Medizinischen Sozietiit zu Erlangen, no. 60 (1928), 
pp. 15-126, and Sevim Tekli, «AI-Urdi”nin ”Risalet-Un fi Keyfiyet-il-Ersad' Adli Makalesi,» 
Arastirma, no. 8 (1970), pp. 1-169. 

(10) „poluo lo luy) o d c' „OLALII lucanaj Seel dl «Ulo ~i dl ~U 

Must «chdov. loo 

(11) See: «Dja“da,» in: Encyclopaedia of Islam, new ed. (Leiden: E. J. Brill; London: Luzac 
and Co., 1965), vol. 2, p. 365. 

(12) For “Urdi's mention in the Zij-i Ĥlkhani, see: J.A. Boyle, «The Longer Introduction to 
the 'Zij-i Ikhini' of Nasir-ed-Din isi,» Journal of Semitic Studies, no. 8 (1963), pp. 244-254, 
especially, 247. 

(13) Ibn Abi Usaybirah [IAU], “Uyŭn al-Anbĉ' fi Tabaqit al-Atibbi', Edited by August 
Muller (Konigsberb: [n. pb.], 1884), vol. 2, p. 273. 

(14) Rashid al-Din, JAmi“ al-Tavarikh, Edited by Bhman Karimi (Teheran: Eqbal, 1960), 


vol. 2, p. 718, and J.A, Boyle, The Successors of Genghais Khan (New York: Columbia, 1971), 
p. 308. 


it was found when it was microfilmed. What is certain, however, is that this copy lacks 
the usual scribal corrections. And judging from the number of mistakes, in 
comparison to the collated B, one can assume that M is, on the whole, an inferior 
copy from a textual point of view, and thus less reliable. In addition, it has some four 
lacunae of twenty (after fol. 18v), four (after fol. 74v), two (after fol. 117v) and four 
(after fol. 132v) pages each. The surviving part of the text is 138 folios, with an 
average of twenty-one lines to the page, and fourteen words to the line. The whole 
text must have contained close to 90,000 words, similar to the number of words in B. 


The surviving portion of the text is not paginated, and the reference to it on the 
margin of this edition is to the actual serial count of the surviving folios. Here again, if 
one were to compare the edited text with Ms M, one could do so by actually counting 
the surviving folios and matching the counted number with the one designated on the 
margin. 


The Base Text Used for This Edition 


Judging from the evidence available so far, Ms B was deemed to be the most 
reliable Ms. Not only because it contains a complete text, but rather because it seems 
to have been carefully collated with an original master copy, which itself was an edited 
version prepared by “Urdi sometime after he had finished the text preserved in Q. 
The importance of Ms Q at this stage was basically historical, in the sense that it 
allows us a glimpse into the methods by which medieval astronomers prepared their 
texts, and the number of editions to which they subjected their works. Moreover, Q 
was also useful in determining the correct reading in several places, for, as we shall 
see later, the original sentences were mostly grammatically correct in Q. But in the 
process of editing Q to produce the text preserved in B and M, certain grammatical 
mistakes were introduced that can be easily explained if one assumes the editor who 
produced the text of B and M to have had the text preserved in Q to work with. Once 
the nature of Ms Q was thus understood, the alternative was to use either B or M as a 
base for this edition. That decision was simple for the many reasons discussed so far 
concerning the superiority of B over M. 


The main folio references, therefore, are those of Ms B, and the marginal cross 
references are to M and Q as designated in the edition. New pages in B are marked 
with a slash (/), while those of M are marked with half a square bracket ('') and those 
of Q with a carrot. 


The Author 


We, unfortunately, know very little about the author of Kitdb al-Hay'ah. His full 
name is given only in Ms Q, mentioned above [Plate I]. as: Mu'ayyad al-Din 
Mu'ayyad b. Barik (or Burayk) al-“Urdi al-“Amiri. His fame as an engineer earned 
him also the title muhandis, sharaf al-muhandisin, qudwat al-muhandisin, and even 
malik al-muhandisin (Engineer, Glory of Engineers, the Example of Engineers, and 
even King of Engineers). In one of his other texts, Risdlat fi kayfiyyat al-arsid” (or 


(9) Anable Jourdain, «Mĉmoire sur les instruments employ£s ŝ l'observatoire de Maragha,» = 
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assumed to exist by the author himself is relatively small, some thirty-five in all; and 
most of them are known from other works on astronomy. Some even are direct copies 
of those in the Almagest, and “Urdi could easily assume that his reader was familiar 
with those diagrams. (2) The language of the text when referring to the diagrams is 
explicit enough to allow the reader to reconstruct the diagrams for himself. In fact, all 
the diagrams supplied with the edition were reconstructed on the basis of the textual 
description and then later checked with those surviving in the Konya Ms, or in the 
Meshhed Ms that will be discussed next. 


3- The Meshhed Ms, Mawlavi No. 3987 (M, for Arabic mim). 


As stated in the Forward, the copying of this Ms was completed, or at least so 
designated, by the son of “Urdi himself, Muhammad b. Mu'ayyad al-“Urdi al-Amiri, 
in Hamadhan on the twelvth of Shawwal, 696 A.H. (August 4, 1292) [cf. Plate III]. 
We also know this son from his work on a celestial globe that he had constructed in 
the year 1279, and was described in the first quarter of this century by Adolph 
Drechsler, Y know of no other works attributed to “Urdi's son Muhammad. 


The manuscript that he claimed to have copied in Hamadhan, in 1292, actually 
contains the same text as that of B, but is nota copy of it. The diagrams, for example, 
that were lacking in B, are mostly preserved in M. At one point, fol. 96r (B), 2r (M), 
the text in B is erroneous, but not so in M. Similarly, on fol. 97v (B), 3v (M) a 
sentence in B is rearranged in M. And from the many misreadings of the original Ms 
that are preserved in M one could safely assume that none of these misreadings 
assume the orthography of B. Only once a marginal note of two words in B, fol. 121v, 
is inserted in the wrong place in M, fol. 25r, which may suggest that M may have been 
a copy of B. But a closer investigation revealed that the marginal note in B is an 
alternative reading of the text which may have been on the margin of the original Copy 
from which B itself and M were derived. The copyist of M may have seen this 
alternative reading on his master copy and inserted it in the wrong line. What is 
certain therefore, is that both M and B derive from the same text, that was written as 
a second version to Q, and as of now has not been known to exist, 


From a paleographic point of view, and depending only on the microfilm copy 
that was used for this edition, one can assume that at least eight hands had 
collaborated to complete the copying of M [cf. Plates IV, III, V-XI]. Most of the 
lacunae in the text, mentioned below, coincide with a change in the handwriting. Asa 
result, all the changes in handwriting occur on the front side of the paper (here called 
recto, r), which may indicate that for some reason the original manuscript had at some 
point disintigrated, and the lost pages were later filled by several people, and 
probably at several times. Without being able to examine the actual paper of the 
manuscript, one can not tell for sure how this manuscript came to be in the shape that 


(7) M. Walŝ'i, «Fihrist Nusakh-i Khatt-i “Abd al-Majid Mawlavi,» Nuskheha-i Khatt-i, 
no. 5 (1969), pp. 51-53 especially. I 

(8) A. Drechsler, Der Arabische Himmelglobus des muhammad ben Myid el~Ordhi von 
Jahre 1279 im Mathematisch-Physicalischen Salon zu Dresden (Dresden: Buchdruckerei der 
Wilhelm und Bertha V. Baensckh Stiftung, 1922). 
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folios or so contain a copy of Tisi's version of Euclid's E/emenis, followed by a short 
treatise by Tisi too on the Soul. At the end, “Urdi's text is followed by a short treatise 
in Persian, of six pages, on astrology. 


Because of its position in the collection, “Urdi's text has been protected from the 
damage that usually befalls first and last pages of manuscripts. But, also because it is 
in a collection, the copyist did not feel that he could afford a separate page just for the 
title of the work, and hence started copying from the basmalah page. “Urdi himself 
never referred to the title of his work in his own introduction to the text, nor at any 
other point in the text. As a result, the Bodlean Ms was assumed to have been 
anonymous by Swerdlow, Goldstein and Swerdlow and more recently by F. Sezgin"”, 
after it had been shown that it couldn't have been the work of Avicenna by B. 
Goldstein. The positive identification of this manuscript as that of Kitib al-Hay'ah by 
SUrdi was argued several years ago by the present author in a separate article in 
ISIS$9, Now that the Konya Ms is available for comparison the explicit attribution to 
“Urdi is beyond any doubt. 


As was stated above, this manuscript represents a copy of a later version of 
SUrdi”s Kitab al-Hay'ah; this can now be proven, thanks to Dr. Prof. Muammar Dizer 
who made a film of the Konya copy available for study. This claim of the two-stage 
composition will be discussed below. At this point, we should note that the Bodlean 
Ms was also collated by the copyist with an original copy, and thus could not be the 
original autograph either. The autograph version, if it exists, from which B was copied 
was itself composed before 1259 as was noted before“. What the copyist seems to 
have done was to copy the text, leave spaces for the diagrams, and hoped he would 
have the chance to either draw them himself later, or assign them to someone else to 
be drawn. This process was never completed, and as a result the great majority of the 
diagrams are lacking in this Ms. At least at one point someone tried his hand at one of 
the more complicated diagrams, that of the spheres of the upper planets (fol. 159r), 
but soon discovered that he had gone haywire and duly marked the diagram with the 
phrase «hadha al-shakl khata'» (This Diagram is Erroneous). After that he tried only 
the very simple ones (as on fol. 194v, 197v, 198r, 199v, and 200v) and even then he 
either executed them poorly or left them incomplete. One can safely say that Ms B, 
although it has a complete text of the later version of Kitab al-Hay'ah, it does not have 
any reliable diagram to go with the text. 


The fact that Ms B lacks the diagrams, should not be considered as a major defect 
of the Ms for two main reasons: (1) the number of the diagrams themselves that were 


(4) Swerdlow, «Ptolemy's Theory of the Distances and Sizes of the Plantes: A Study of the 
Scientific Foundation of Medieval Cosmology »; Goldstein and Swerdlow, Ibid.; Fuat Sezgin, 
Geschichte des Arabischen Schrifttums, 8 vols. (Leiden: E.J. Brill, 1967-1982), vol. 6, p. 291, 
see also the present author's review of Sezgin, in: Journal of the American Oriental Society, 
no. 101 (1981), pp. 219-221. 

(5) G. Saliba, «The First Non-Ptolemaic Astronomy at the Maragha School,» ISIS, no. 70 
(1979), pp. 571-576. 

(6) Ibid. 
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Plate II — Colophon of the Bodlean Ms, Marsh 621, fol. 214v. 


Avicenna discussess the problem of the inclination of the diameters of the epicycles of 
Venus and Mercury. In Kitib al-Hay'ah “Uxdi is referred to as al-Shaykh (fol. 95v) 
and al-Shaykh al-Imam (fol. 126r). The Bodlean cataloguer therefore may have 
confused “Urdi with Ibn Sina simply because of the lagab Shaykh being applied to 
both of them. 


The manuscript of Kitib al-Hay'ah itself occupies 120 folios between 95v and 
214v of 31 lines to the page and an average of 12-13 words to the line. The first ninety 
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text had taken place, was thought to be unnecessarily complex and thus undesirable. 
Instead, the Arabic pagination, after being increased by one unit between folios 35r 
and 109r inclusive, was retained simply because (i) it is physically there on the 
manuscript, and (ii) it is somehow continuous, giving an actual count of the surviving 
pages. If a reader ever wanted to compare our edition with this Ms, it was thought 
that, if worse comes to worst, one could simply count the folios as they actually exist, 
and the counted number would then be the one referred to on the margin of the 
edition preceeded by the letter (4f. 


Moreover, the Ms itself is incomplete, lacking the usual colophon, and breaks off 
on fol. 119v. The missing portion is about four pages according to an estimate based 
on the material surviving in the other two manuscripts. Originally, therefore, the 
Konya Ms had some 180 folios containing, on the average, some 22 lines to the page, 
13-15 words to the line. Thus the original text must have had some 120,000 words. 


The surviving text is also supplied with diagrams which are, in all instances, 
drawn in red ink, thus very faint on the microfilm copy that was used. 


While collating the three manuscripts, it was quickly noticed that the Konya Ms is 
not only earlier than the other two in terms of its date, but that it was also a copy of an 
earlier version of Kitib al-Hay'ah, which must have been written still earlier than this 
copy. In a separate section below, the relationships among the surviving manuscripts, 
the date of the composition of the original text, and the number of versions it went 
through, will be discussed in detail. 


2- The Bodlean Ms, March 621 (B for the Arabic letter ba” used in the notes.) 
Chronologically, this is the second Ms to be copied; and as we have seen in the 
Forward the process of copying was completed on the eighteenth of Rabi“ II, 
671 A.H. (November 13, 1272). The copyist [cf. Plate II] signed the colophon, 
fol. 214v as: al-Husayn b. Ibrhim b. al-Husayn Abu al-Fath al-Hafiz, who is 
otherwise unkonwn to me except as the copyist of another note in the same collection 
fol. 91v. The whole Ms is written with the same maskhi hand used in the signature, 
and we can therefore conclude that the same copyist completed the whole text by 
himself. 


It is this Ms that was partially studied by Noel Swerdlow", and by Bernard 
Goldstein and Nowel Swerdlow2, In the Bodlean catalogue, it is identified as the 
work of Avicenna” maybe because it is a part of a collection containing, among other 
things, a note (fol. 91v) attributed to al-Shaykh al-Ra'is Abu “Ali Ibn Sinŝ in which 


(1) N. Swerdlow, «Ptolemy's Theory of the Distances and Sizes of the Planets: A Study of 
the Scientific Foundation of Medieval Cosmology,» (Unpublished Dissertation, Yale Universi- 
ty, New Haven, 1968), pp. 194-212. 

(2) B. Goldstein and N. Swerdlow, «Planetary Distances and Sizes in an Anonymous 
Arabic Treatise Preserved in Bodlean Ms Marsh 621,» Centaurus, no. 15 (1970), pp. 135-170. 

(3) Joanne Uri, Bibliothecae Bodleianae Codicum Manuscriptorum Orientalium (Oxford: 
Clarendon Press, 1787), pars prima, Oxonii, p. 219 (no. MXII). The entry describes the Ms in 
the following words: «Avicennae Almagestum seu Magnae constructionis mathematicae opus». 
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towards the middle of the page. Besides Hebrew identification there are three 
ownership signatures that are poorly preserved and thus undecipherable. 


The manuscript itself is written in a beautiful naskhi hand, and at times even 
vocalized. Only four pages, fols. 95r-O6v, have been written by another hand and lack 
the dots. From the reference to the author, fol. Ir, without the usual «blessings upon 
his soul», we may conclude that it was copied when the author was still alive. This is in 
distinct contrast to the other two manuscripts that refer to the author with «gaddasa 
Allah rŭihahu» (May God bless his soul), hence definitely written after his death. 


The Konya manuscript itself is not an autograph--the author would not have 
referred to himself with all the pompous adjectives if it were copied by him-- and is 
therefore a copy, for we note in several places the usual scribal terms balagha 
musqdbalatan (collated so far) (e.g. fol. 25v) or simply balagha, to signal the point 
reached in the collation, as on fols. 17v, 83v. Moreover, there are several corrections 
on the margins that are designated by the term sahh (correct). These notes indicate 
that there was another copy from which this present manuscript was, in turn, copied 
and against which it was compared and corrected. 


Like other medieval Arabic manuscripts, this one too was written on booklets 
(signatures) and the pages were serially numbered by folios; in this case using the 
numeral designation known nowadays in the Arab World as Indian numerals. A later 
hand, obviously without reading the text, has added the Arabic numeral pagination 
Which is used in the page reference on the margin of this edition preceeded by the 
letter Qaf. The fact that the person who added the arabic numerals did not read the 
text, can be clearly established, for the pagination is continuous inspite of the lacunae 
in the text. Only twice this person introduced his own errors into the pagination; 
once, fol. 35r, where he repeated the same number on the next folio, and the other 
time, fol. 110, where he missed one folio. In the following edition the designation 
preceeded by Qafis increased by one unit between fols. 35 and 110, and thus does not 
match the Arabic numerals found on the manuscript but rather matches the actual 
physical count of the surviving folios. The lacunae in the text sometimes reach as 
much as ten pages or more, and could have been easily identified if the later hand 
bothered to at least check the «Indian» numerals, if not read the text itself. Moreover, 
the Arabic numeral pagination is from the very beginning off by one unit from the 
«Indian» numeral pagination on account of the fact that the Arabic numeral 
pagination does not count the title page as part of the pagination while the «Indian» 
numeral pagination does; the Arabic numeral pagination therefore starts with the 
page following the basmala page. Folio 9v in the «Indian» numeral pagination is 
followed in the same system by fol. 34v signalling that some fifty pages had fallen off 
between those two pages, and that they were at one point extant when the manuscript 
was being paginated in that system. The Arabic numeral pagination passes on from 
fol. 8v to 9r without any interruption. Similarly, some fifteen pages have fallen off 
after fol. 67v, where also the Arabic numeral pagination proceeds from 42v-43r 
without interruption. 


Faced with this difficulty, and wishing to avoid complicating the reference system 
any further, a reconstruction of the original pagination, before the several gaps in the 
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Plate I — Flyleaf of the Konya Ms. Yusuf Agha 6829. 
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INTRODUCTION 


A proper evaluation of the contents of “Urdi's text, Kitab al-Hay'ah, will not be 
attempted here, for that is projected to take place in the commentary accompanying 
the English translation of the text. Instead this introduction will deal only with the 
pertinent biographical information culled so far about the author, and the conditions 
relevant to the transformation of this work from the manuscript stage to this edited 
form. But for the benefit of the English reader who, for one reason or another, can 
not wait till the full English translation is made available in a few years, this 
introduction will also include some highlights of the contents of the text with no 
attempt at evaluating them in any serious manner. 


The Manuscripts 


So far, we know of three manuscripts of the work of Mu'ayyad al-Din al-“Urdi, 
known as Kitdb al-Hay'ah (Book on Astronomy): 


1- The Konya Manuscript (Q for the Ms designated with the letter Qaf). This 
manuscript is kept at the Yŭsuf Agha Library in Konya, Turkey, under the shelf 
number 6829, It is the only manuscript of the three that has the title page (cf. Plate I), 
and it carries the following information: Kitab al-Hay'ah (Book on Astronomy, where 
Hay'ah literally means the «configuration or form of (the heavens)») by al-imim 
al-“alim al-kamil al-muhaqqiq al-mutqin sharaf al-muhandisin u“jŭbat al-dahr nadirat 
al-“asr mu'ayyad (or mu 'ayyid) al-millat wa-l-din zayn al-islim wa-I-muslimin 
Mu'ayyad b. Barik (or Burayk) al-muhandis al-“Urdi al--Amiri ahsana Allah 
tawfiqahu (The knowledgable and perfect Imim, the meticulous verifier, the best of 
engineers, the miracle of time, the unique in this era, the one who is confirmed in his 
religion, the glory of Islam and the Muslims, Mu'ayyad b. Barik the engineer al-“Urdi 
al-“Amiri, may God grant him the best success). A later hand has added next to Barik 
the words Ibn Falih (son of Falah), and thus the book is identified in the square 
Hebrew script on the lower part of the page as: «Fi al-Hay'ah li-ibn. Falah» (On 
Astronomy by Ibn Falah). Similar identification is inserted in cursive Hebrew script 


l 


doubt very much whether I or anyone else would have been able to obtain a microfilm 


of the Konya Ms. It is people like Dr. Prof, Dizer who revived my belief in unselfish 
dedication to scholarship. 


The actual work on this edition could not have been completed, however, 
without the cooperation of my colleagues at Columbia University who covered my 
teaching load so that I could be relieved from teaching duties for the whole academic 
year 1982-1983. The University administration, Ms. Pricilla Schaff, Ms. Kathy 
Davenport, and Ms. Susan Tarran of the Office of Projects and Grants, assisted me 
every step of the way to obtain the necessary financial support. Without that 
assistance I doubt if I could have had the time to spend on this work. 


But it was the generous Scholars Award of the National Science Foundation-- 
Program of History and Philosophy of Science-- which supplied the main funds for the 
project. Without implicating the Foundation in any way in the results of this work, I 
gratefully acknowledge the assistance extended to me for the academic year 
1982-1983, and for the summer of 1983. The Institute of Advanced Study, Princeton, 
has also granted me a membership for that academic year, which, in retrospect, was 
most helpful for offering me an ideal environment to work, and the chance to interact 
with people who helped me in so many ways that I can not begin to list. The Institute 
of Arab Studies, Belmont, Mass., also granted me a fellowship that complemented 
the funds of NSF and offered me its facilities during the Spring of 1983. That 
assistance is gratefully acknowledged. 


The list of friends and colleagues who have in one way or another contributed to 
this project is indeed very long, and most of them will have to remain nameless, 
although I am sure they can identify their contribution in the following pages. But, 
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Only some of the works of the astronomer “Urdi have been known to exist, and the 
one edited here is but the major one of them. 


Kitĉb al-Hay'ah of “Uxdi is extant, as far as we know, in three copies. An early 
undated version apparently copied during the author's lifetime is kept at Yŭsuf Agha 
Library (No. 6829) in Konya, Turkey. Another later version exists in two copies: the 
earlier one is kept at the Bodlean Library in Oxford, March 621, and was finished at 
noon of Sunday, eighteenth of Rabi II, 671 A.H. (November 13, 1272), the other 
was finished, according to the colophon, by the son of “Urdi himself, Muhammad b. 
Mu'ayyad al-“Urdi al-Amiri, in Hamadhan on the twelfth of Shawwal, 696 A.H. 
(August 4, 1292), and is kept at Meshhed, Kutubkhineh-i Abdalmajid Mawlavi 
(No. 398). The only copy that is explicitly attributed to “Urdi is that of Konya; the 
others simply refer to him as «the author», or «al-Shaykh al-Imim». 


March 621, being the only complete and corrected version of all the extant 
copies, was used as the base copy for this edition; the other two were only quoted for 
variants in the critical apparatus. And when it was found that the Konya copy 
represented an earlier version of “Urdi's work --as it will be shown below-- a special 
attention was paid to it, for, in my judgement, it offered a rather rare opportunity to 
see how the thought of the medieval astronomer developed from one stage to the 
next, thereby producing two versions of the same work. All the variants in the Konya 
version were then recorded in the apparatus, whenever they were confined to one 
sentence or two; longer variants were added in a set of six appendices of variable 
length at the end of the edition. 


The edition itself represents the first phase of a large project; the next being a full 
English translation and a commentary, which will use this critical edition as the basic 
reading. Work has already begun on the next phase, but it will be few years before it 
will be ready for the press. 
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Moreover, research has also revealed that these thirteenth-fourteenth century 
astronomers were not working in vacuum, nor did they spring up from nothing, but 
that they were rather heirs to a tradition already started a few centuries earlier. In that 
tradition, the name of Ibn al-Haytham (d.1038), for example, occupies a focal point 
for he has left us a treatise, that is now edited, in which he isolated the inconsistencies 
in the whole ptolemaic corpus, especially the A!magest and the Planetary Hyporthesis, 
and specifically criticised him for the planetary models. We still do not know if Ibn 
al-Haytham ever managed to formulate his own alternative theory. But we know that 
his contemporary Ibn Sini seems to have been also aware of the ptolemaic 
problem--or what by then was known as the equant problem--and that it was Ibn 
Sinŝ's student Abu “Ubayd al-Jŭzjini who attempted a solution of that specific 
inconsistency. Abu “Ubayd's text was edited and translated by the present author a 
few years ago, and the reader can refer to it for a glimpse of the nature of the work at 
this early stage. Put briefly, one notes that the problem of the equant was by then well 
understood, but the solution, in mathematical terms, was yet to come. 


There is also enough evidence that this early criticism of the ptolemaic system 
was not confined only to the Muslim East, but that it was also discussed in the Muslim 
West (i.e. Andalus) as well. In an anonymous treatise, also called Kitab al-Hay'ah, 
now kept at the Osmania University Library in Hyderabad (Deccan), the author who 
speaks of the famous Andalusian astronomer al-Zarqiel (d. 1078) as his friend, also 
states, when he discusses the ptolemaic equant, that he considered the problem a 
blemish in the ptolemaic theory and that he had discussed such problems at great 
length in a book that he entitled al-Istidrak “ala Batlamyŭs (literally: The Exposition 
of Ptolemy's [mistakes]). The later succession of Andalusian philosophers and 
astronomers who criticized Ptolemy's astronomy in one way or another such as Ibn 
Bajah (d.1139), Ibn Tufayl (d.1185), Ibn Rushd (1126-1198), al-Bitrŭji (c. 1200) and 
Jabir Ibn Aflah (c.1200) attest to the vitality of such a discussion and to the 
widespread perception that although ptolemaic astronomy could predict the positions 
of the planets with a tolerable accuracy, that astronomy was far from being free of 
defects, at least on the philosophical level. 


By the thirteenth century, the time when “Urdi's text --that is edited here-- was 
written, ptolemaic astronomy must have been fully understood, and thus exposed to 
criticism and reform. It was then that the Muslim world, from Andalus to the borders 
of China, was witnessing a florid activity, all centered around the idea of reforming 
ptolemaic astronomy. Some of those reforms were more successful than others; but 
ali led to an extremely successful alternative set of planetary models proposed by Ibn 
al-Shatir of Damascus around 1350. 


The text that is edited here is but one of those attempts. It was written most likely 
in Damascus, in two versions, sometime before 1258, by a man who was also known 
as an engineer and a maker of instruments. From several sources, we know that this 
man was famous enough to have been selected by Nasir al-Din al-Tisi to head the 
construction of the famous Ilkhanid observatory in Maraghah, North West Iran, in 
1259. His own description of the instruments that he built in that observatory has 
been preserved in a treatise now available in printin Arabic, English and German. No 
other work of “Urdi, the engineer, is known to have withstood the ravishes of time. 


But the closer one gets to a physical representation of the planetary motions the 
farther one will have to move from the mathematical models as they were proposed in 
the Almagest. Put briefly, the physical representation of the mathematical models of 
the Almagest present the problem of having a sphere-~as a physical body-- now forced 
to be moved uniformly around an axis that does not pass through its center. Such a 
mechanically impossible proposition was later criticised and identified as the 
inconsistency or problem of the equant, thereby becoming a subject of great debate 
throughout the Middle Ages. 


Taken as a whole therefore, Ptolemy's astronomy, as proposed in the A/magest 
and the Planetary Hypothesis, was found wanting and simply logically inconsistent 
with its own accepted principles. This astronomy was apparently kept alive for almost 
a millinium and a half simply because of its ability to predict the geocentric 
coordinates of the planets within a tolerable accuracy. But prediction of planetary 
positions, important as it is for astrological computations and the like, was simply not 
sufficient. Of course one has to have accurate predictions; and for that purpose 
several observations were conducted as early as the ninth century Baghdad in a 
continuous effort to refine this predictability. But all that those observations yielded 
was a set of parameters finer than the ones used in the A/magest and a few corrections 
of notions that were erroneously held in the Almagest. One thinks of the efforts to 
refine the value for the inclination of the ecliptic and the discovery of the motion of 
the solar apogee as well as the finer value for precession. But sti: ali of these results, 
important as they are for observational purposes, were si,nply divorced from the 
theoretical considerations that the Almagest was based on. ln essense they seem to 
have been conducted to improve the predictability of the theory as propounded in the 
Almagest. 


But couldn't one have a theory that is consistent with its own axioms about the 
nature of the heavenly bodies and their motion on the one hand, and still be able to 
predict correctly the positions of the planets at any time? Such a theory, ifit were ever 
achieved, would then be, in “Urdi's words, the highest intellectual achievement. The 
book of Mu'ayyad al-Din al-“Urdi (d.1266) that is edited here, called kitab al-hay'ah 
(literally: The Book [of the heavenly] Configuration) was written as an attempt to 
describe such a theory. 


During the period when research in astronomy was almost confined to the Arabic 
language, and within the domain of the Islamic civilization, roughly speaking, 
between the ninth and the fifteenth century, the search for such a theory was taken 
seriously; modern research has already uncovered several attempts at the formulation 
of such a theory. The names of Mu'ayyad al-Din al-“Urdi, Nasir al-Din al-Tŭsi 
(d. 1274), Qutb al-Din al-Shirazi (d.1311) and Ibn al-Shatir (d.1375) are by now 
famous names to historians of astronomy, for each of these astronomers was engaged 
in formulating one version or other of such a theory, From their works we also 
know that they were not the only ones who worked on such theories, for they quote 
names of other astronomers who seem to have been engaged in the same activity. The 
full extent of this enterprise is not yet fully understood. For up till this very day none 
of the works of these well known astronomers has been fully edited, let alone being 
translated and commented upon. 


Foreword 


In a critical passage, in chapter two of the ninth book of the Almagest, Ptolemy 
expressed his deep concern over the planetary hypothesis that he was about to 
propose. He seems to have been aware of the fact that his hypothesis, although it 
saved the phenomena by describing the behaviour of the planets in accordance with 
observations, it nevertheless was not derivable from the basic philosophical 
assumptions about the nature of the heavenly bodies and their movements. In a feeble 
attempt to explain this difficulty away, Ptolemy asked his reader to accept his 
hypothesis as describing the observable phenomena without being necessarily able to 
derive this hypothesis from first principles. One should convince himself, that once a 
model had been found that seemed to describe the phenomena, then that model must 
rest on consistent reasoning, although he (Ptolemy) can not demonstrate that 
reasoning. Faced with the option of rejecting such a model which accounts fairly well 
for the actual observations, or with changing the axioms about the nature of the 
heavenly bodies and their motions, Ptolemy seems to have opted to disregard the 
axioms and to uphold the models, being fully convinced that the observations were, in 
the final analysis, the only concrete basis for any theoretical hypothesis, Moreover, 
man's concern with planetary motion is, after all, satisfied by his ability to predict 
planetary positions with respect to the earth for astrological purposes, among other 
things, more so than by his ability to formulate theoretical models for the kinematics 
of the planets. 


This, in a nutshell, was the way in which Ptolemy presented his astronomy in the 
Almagest. And when he came to reformulate it in the Planetary Hypothesis, where the 
physical reality of the universe is assumed together with the principle of uniform 
circular motion, Ptolemy did not address this problem of consistency between the 
physical reality of the planetary spheres themselves and the mathematical hypothetic- 
al models that were supposed to describe their motion. To aggravate the problem 
further, he even suggested a principle of parsimony and stated that one may even do 
away with the spheres and replace them with ring-like slices of spheres. 


To E.S. Kennedy 
A Humble Expression of Gratitude. 


THE ASTRONOMICAL WORK OF MU'AYYAD AL-DIN 
AL-“URDI 
A Thirteenth Century Reform of Ptolemaic Astronomy 


KITAB AL-HAY'AH 


Edition and Introduction 
By 
George Saliba 


The Astronomical Work of 


MU AVVAOP AL-DIN AL-“URDI 


A Thirteenth Century Reform 


of Ptolemaic Astronmy 


KITAB AL-HAV'AH 


Second Edition 


Edition and Introduction by 


GEORGE SALIBA 


